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PREFACE 


To'' the First EdiitioB 

The present book is expected to meet the demands of a B. Sc* 
student of the Indian Universities,, especially of the Universities, 
of Alia,ha.ba.d 5 Agra, Bauaras, Delhi, Saugor and Luclaiow* Though 
rnucli of the syliabus is common, there are important charac*- 
tc‘ristic departures too. Some of the universities do not insist 
upon organic preparations or physicaF experimetits. Some of 
them do not demand the identification of insoluble inorganic 
substances^ and some have their own peculiar way of organic 
identifications. It is thus difficult to satisfy everybody. But it 
is hoped that this book, though suggestive and tentative would be 
helpful to a great extent. The book does not dispense with the 
experience of an able teacher and guide. It leaves a free scope to 
the student also for proper systematisation. 

A large number of examination questions, as well as numerical 
exercises form special feature of the book. 

In the end, we express gratitude to our colleague and friend 
Dr. Ram Gharan Mehrotra, M.Sc., D. Phil., for his valuable 
suggestions and help. 

S. PRAKASH 

July 5, 1945. R. D. TIWARI 

To the Second Edition 

Tb.e book has been thoroughly revised. The semi-micro, 
and spot tests have been incorporated. The emphasis in the 
present edition has been laid on ionic equations. Solved numeri- 
cal exercises liave l:>cen added, and the question papers have been 

■ ]:>roiig'ht up-to-dat.e. 

S. PRAKASH 

January 29, 1948. R. D. TIWARI 

■ To tlie Fifth Edition ' ' 

Since the ciianges introduced in the fourth edition of the 
book were very much welcome to our readers, we have introduced 
a few more organic preparations and physical experiments in the 
present edition. We have also '’incorporated in this editioxi 
‘ some additional quantitative estimations. 


March 20, 1959. 


S. PRAKASH. 
R. D. TIWARL 
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; , To tlie Sixtii Edition 

We have pleasure in introducing another edition of this book 
to our young readers;' , The text has been carefully revised, and 
it is expected that it would meet the demands of our uudergnufuate 
students of the Indian Universities. 

■. S. PRAKASH 

January 1, 1962. R. D. TIWARL 

To the Seventh Ed-itlcin, 

In this edition, we have introduced as an ap|>c*ndlx, a systema- 
tic treatment for Sexnimicro Analysis. Some siinplf: inorganic: 

preparations have also been given. 

S. PRKASH 

August 25, 1963. R. D.TIWARL 

To the Eighth Edition 

The Semimicro Analysis, given in the previous edition as an 
appendix, has been treated as a separate part, and more details 
have been given, A few more physical concepts have been 
incorporated. The present edition has been considerably revised 
and improved to meet the demands in general of all our University 
B.Sc. students in this country and abroad. 


June 15, 1965 


S. PRAKASH 
R. D. TEWARI 
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A TEXT-BOOK OF 
ANALYTICAL CHEMISTRY 
For B. Sc. Classes 


INTRODUCTION 

The Analytical Chemistry includes those operations which 
are performed to determine the constituents of a chemical com- 
pound or a mixture of these compounds. It has two aspects — 
qualitative and quantitative. The syllabus prescribed for the 
B.Sc. Examination includes the following radicals for the quali- 
tative analysis 

•BASIC—' . 


Silver 

Lead 

Mercury {ous) 


Mercury {ic) 

Lead 

Bismuth 

Copper 

Cadmium 

Antimony 

Arsenic 

Tin 


III 

Iron 

Chromium 

Aluminium 


IV 

Cobalt 

Nickel 

Zinc 

Manganese 


:■ V , 

Barium 

Strontium 

Calcium 


VI 

Magnesium 

Sodium 

Potassium 

Ammoniimi 


■".'Acidicr" 


Acetate 

Borate 

Bromide 

Carbonate 

Chlorate 

Gliloride 


Fluoride 

'Iodide.' "■■■■. 

Nitrate ■■ 

/'Oxalate:.: 

Phosphate 


Silicate 

Sulphate 

Sulphide 

Sulphite 

Tjiiosulphate 
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The quantitative analysis, as prescribed in the syllabus of 
our universities, includes the following estimations gravimeiri” 
cally : — 

Iron as ferric oxide. 

Copper as cupric oxide. 

Barium and sulphate as barium sulphate. 

Silver and chloride as silver chloride. 

Zinc as oxide. 

Chromium as oxide. 

Lead as sulphate. 

Calcium as oxide. 

Aluminium as oxide. 

Magnesiiun as pyrophosphate. 

The volumeiric estimations include :*— • 

Acidimetry and alkalimetry. 

Oxalic acid — permanganate titrations. 

Ferrous salt — permanganate titrations. 

Ferrous salt — -dichromate titrations. 

Hypo — iodine titrations. 

Arsenious acid- — iodine titrations. 

lodometric estimations of potassium dicliromate, potassium 

permanganate and copper sulphate. 

Silver nitrate— potassium chloride titrations. 

Silver nitrate — ‘potassium thiocyanate titrations. 

The Organic qualitative Analysis includes the identiheation 
of the following substances : — 

Chloroform, ben^sene, ether, phenol, anilliuj, iiiirobenzenc, 
benzaldehyde and ethyl acetate. 

Benzoic acid, phthalic acid, salicylic acid, benzamide, 
acetanilide, naphthalene and iodofornn 

Formic acid, acetic acid, formakkliydc, acetaklchycle, 
acetone, methyl alcohol, ethyl alcohol and i''!yci’,riiun 

Oxalic acid, tartaric acid, succinic add, citric' acid, pyi‘f)galloI, 
resorcinol, glucose, cane sugar, starch, chloral hydrate, 

acetamide and urea. 

The syllabus of some, universities a bn iiKdiidcrs large 
number of organic compounds. The Uniwrsiiy demands tlie 
application of tests characteristic of the groups (contained in tiic 
above mentioned compounds, and -of t!ic cr>m|)o«tids themselves, 
and wherever possible, the preparation of a solid derivative in a 
pure condition. 

A few simple organic, preparations as prescribed l)y some of 
the universities have also been, incorporated. A few of the simple 
physical experiments have been given in an appendix. 
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Special Reagents for Inorganic Analysis; 


The ordinary reagents provided 

■'ing 

in the shelves are the follow- 

Reagent 

Strength 

(approx.) 

Concentra- 
tion, grams 
per litre. 

Remarks 

Sulphuric acid (cone.) 

37 JV 

1840 

Sp. gr. 1*8385. 

Sulphuric acid (dil.) 

4 JV 

200 

1 part cone, acid 

Hydrochloric acid (cone.) 

11 JV 

400 

to 10 parts of 
water. (Sp. gr. 
1*12). 

Sp.gr. 1*2 (39*1%) 

Hydrochloric acid (dil.) 

4 JV 

. 150 

1 part cone, acid 

Nitric acid (cone.) 

15 JV 

1000 

to 3 parts of 
water. (Sp. gr. 
1*07). 

Sp. gr. 1*520. 

Nitric acid (dil) 

4 JV 

250 

1 part acid to 3 

Acetic acid (dil.) 

4 JV 

240 

parts of water* 
(Sp. gr. ^ M3). 

1 part glacial, and 

Sodium hydroxide 

4 JV 

160 

3 parts of water.] 

^Vmmonium hydroxide 

4 JV 

140 

Sp. gr. 0*97. 

Ammonium chloride 

i 

i 

4 M 

. ■ . . 

j ■ 

! ! 

^ 212 

1 part strong am- 
monia (0'8B) to 
4 parts of water. 

Ammonium oxalate 

M/2 

78 

(NH 4 ),Gb 04 , 2 H. 0 . 

Ammonium sulphate 

2 JV 

^ 132 

Calcium sulphate 

0-015M 

0-2 

Saturated solution. 

Ammonium carbonate 

2 JV 

i 

i 

1 


80 g. .ammo- 
nium fcarbonate 
and 32 ml. of 
0*88./V. ammo- 


4 


ANALYTICAL CHEMISTRY 


Reagent 

Strength 

(approx,) 

Concentration 
grams per litre. 

Remarks,' 

Amtnoniura molybdate 


... 

See below : 

Sodium acetate 

2M 

160 

270 g, of . crystalline 
salt per litre. , 

Barium chloride 

MI2 

122 

BaCla. 2 H 2 O. 

Silver nitrate 

M/10 

17 

. ... 

Calcium chloride 

M 

219 

CaCl,. 6 H 2 O. 

Sodium phosphate 

M/6 

59.6 

Na2HP04. 12H,0. 

Ferrous sulphate i 

solid 


FeSO^ . 7 H 2 O. 

Ferric chloride | 

M/3 

54 

FeCls. 6 H 2 O {75 g.) 
-|-HC1 (cone. 5 ml. 
per litre.) 

Lead acetate 

M /2 

190 

(CH3GOO)2Pb.3HsO. 

Potassium ferrocyanide 1 

Mi4 

105.5 

K4Fe(GN)6.3Pl20. 

;:'..Borax; 

solid 

... 

NaaB^O,. IOH 2 O. 

Sodium carbonate 

solid 

... 

, Free ■■ 'from chloride ^ 

■ .'.and /tiiilphate,.','' 

;■ . (test before use). 

Manganese dioxide i 

solid 


MnOo. 

Potassium chlorate i 

solid 


KCi(\. 

Potassium dichromate i 

solid 


, ■ , KgCr.O?. 

Lime water i 

.V/3 

■ , 

Saturated solutio!i of 
lime in water. 



SPECIAL REAGENTS 




The following reagents are specially provided on a common 

■^side-shelf.:— 


Ammonium molybdate — 150 g. of ammonium molybdate 
are taken in a litre of water, and to it is added 1 litre of 

Add to this mixture, 100 g. of 


nitric , acid, ,sp. gr,. 1*2. ■ 
ammonium ' nitrate, and 
decant,.' '■ 


allow it to stand 


overnight and 


Yellow ammonium sulphide— 10 g. of flowers of sulphur are 
suspended in a litre of ammonium hydroxide solution 
(1 voL iiq. ammonia and 2 vols. of water) and HgS 
passed. 

Ammonium acetate— A strong solution. 

Bromine water — A saturated solution — ^j\72. 

Potassium iodide — about 16%. 

Cobalt nitrate— about ,A72 — 72*5 g. per litre. 

Mercuric chloride — jV72~^68 g. per litre. 

Stannous chloride — 2M — 118 g. of tin are dissolved in concen- 
trated HGl, and a piece of platinum foil is placed in con- 
mct. The solution is diluted to a litre, and if the solution 
is opalescent, strong HGl is added. The solution is stored 
in a weli-stoppered bottle in contact with metallic tin. 

Starch solution — Ought to be freshly prepared (1%). 

Alcohol, ethyl. 

Silver sulphate solution — M12Q — 15 g. per litre. 


SOLIDS- 


Copper turnings. 
Oxalic acid. 

Urea. 

Ammonium chloride. 
Sodium nitrite. 
Sulphur powder. 
Potasshim nitrate. 


Zinc, 

Lead carbonate. 
Sodium perc>xidc. 
Lead peroxide. 
Tartaric acid. 

Iron nails. 

Sodium bicarbonate. 


Sodiain nitropriisside— A fresh solution prepared by dissol- 
ving a few crystals in water. , / 

Borax solution for glycerine — Just, a, trace of borax dissolved 
in a test tube of water and a drop of phenolphthaiein aded. Further ' 
dilute the pink solution to the 


Ferrous siilpiiatc- 
watcr (cold). 


-Dissolve a-; green crystal in a few, ml of 
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Fehling^s solution — Dissolve 69.3 g. of ^ pure copper sulphate^ 
crystals in 300 ml. of watei% with the addition of a few drops of 
concentrated sulphuric acid. Bottle the solution. (FcllIing^s 
solution 1). 

Dissolve 350 g. of Rochelle salt (sodium potassium^ tartrate) 
and 100 g. of caustic soda in 500 ml. of water. Bottle it up also 
separately. (Fehiing’s solution 2). 

While using, mix up equal volumes of both the solutions, 
1 and 2, as to get a clear blue solution. For ordinary iclcntifica» 
tion, a few drops of the mixed solution would do. 

Mssler^s solution — Dissolve 32*5 g. of KI in 250 ml. of water. 
Reserve 10 mi. of the solution. Add the main portion to a cold 
saturated solution of mercuric chloride, with stirring. A faint 
precipitate would remain at this stage if mercuric chloride has been 
sufficiently added. Then add the reserve portion till the preci- 
pitate is almost dissolved. Now dissolve 150 g. of KOH in 150 ml. 
of water, cool and add to the above solution. Dilute it to a litre. 
Bottle after decantation (keep in dark). 

Schiffh reagent — Make a dilute solution of fuchsin and pass 
sulphui' dioxide into the solution till the colour is destroyed. 

Phenolphthalein — 1 gram of phenolphthalein dissolved in 
100 ml. of methylated spirit (warm) and diluted to 500 ml. with 
spirit and water. 

Iodine solution — Dissolve 1 part of iodine in 2 parts of KI 
along with a few ml. of water. Further dilute it with 50 parts of 
water. 
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PHYSICAL PRINCIPLES 

A.pplied to Analytical Chemistry 

Wg shall l)riefly describe here a number of physical principles 
involved in Analytical Chemistry, in order to give the student a 
better understanding of the reactions and tests he would be carrying 

out in tlie laboratory. 

Types of Reactions — ^The following are the types of reac- 
tions iisiially met wiih in Analytical Chemistry. 

(i) Reactions involving double decompositions, the 

formation of sodium sulphate from barium sulphate and sodium 
carbonate : 

BaSO^-fNaaCOa^BaCOa+NajjSO^. ' v 

{ii) Reactions involving simple decompositions, the 

formation of calcium oxide from calcium oxalate on heating : 

G tCgO^^CaO+GO+GOa; 

{in) Oxidation reactions, oxidation of a ferrous salt to 
ferric by nitric acid : 

2FCSO4 -hH2S04d -0=Fe2(S04)a H^O. 

(iv) Reduction reactions^ reduction of merciudc chloride 
by stannous chloride: 

2 HgGiod- SnGia^HggCls+SnCU. 

(v) Reactions involving complex formations, the reac- 

tion between a copper salt and potassimn cyanide : 

Gu2(GN)2+6KGN=-2K3Gu(GN)4. 

(vi) Reactions involving surface energy change or structiiral 
change, e,g,, gelatinous precipitate of copper hydroxide becoming 
granular on heating and standing, or a partially soluble ^ cobalt 
sulphide becoming almost insolub e on warming and standing. 

The Equilibri-um State and the Law ef Mass Action- 
Many chemical reactions arc reversible in the sense that mider 
certain conditions they will proceed in one direction, and under 
other conditions in tlie opposite direction, A state of equilibrium 
is reached, as a result of the balancing of two opposite reactions. 
The conditions of equilibrium can be easily followed by the 
application of law of mass action. 

The law of mass action states that the velocity of a reaction 
at any instant is proportional to the active concentration of the 
reaction substances. - , ' 
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If the reaction : 

A+B+ c +B' + cr + . . . 


be reversible, then : 


[AlIB'ltC']... 



[AjPKG]... 


where the bracketted quantities denote the correspr^ncling con- 
centrations and K is the equilibrium constant. The ef|iiilibriuin 
constant depends on temperature and pressure hu the “first type 
of reactions” involving no change in volume, it is independent 
of pressure) . 

Barium sulphate is insoluble in acids yet it can be partially 
decomposed by boiling with sodium carbonate solution. The 
reaction is reversible and can be represented by the following 
equation : — 

BaSO^+NaaCOse^BaCOah-NaaSO^* 

If a and b be the initial concentrations of barium sulphate and 
sodium carbonate, and if x molecules have reacted till the equili- 
brium has been reached, then : 

{a—x){b—x) 


x^ 

Now if b be made very large compared with then {a — x) will be 
very small, and finally, a will be very nearly eqiuil to That 
is, if the concentration of sodium carbonate be very great, then 
the whole of barium sulphate will be converted to barium carbonate. 
Evidently, the greatest concentration of b can Ijc obtained l^y fusing 
barium sulphate with sodium carbonate taken in excess. 

Effect of Volatility aiidlusoliilbility of a Product of Reac- 
tion— In many cases, a reaction appears to go t'> compIcti()!i instciui 
of to a state of equilibrium. For such cases, Bcrthollct I’cmarkcd 
that this often results from some disturbance of the eipdlibriuni 
state, by one or more of the products of the reaction being remmed 
from the sphere of action by their volatility or msoluhllily. As soon as 
they leave the system, passing into gaseous state or depositing 
as solids, they cease to exert any influence, and the reaction by 
which they are produced being no longer opposed, cannot become 
balanced and proceeds to almost completion. 

r This explains the complete decomposition of calcium car- 
bomate to calcium oxide in' an open vessel (tlioiigli not in a closed 
one), the complete precipitation of a copper salt as sulphide by 
hydrogen sulphide, or of the complete precipitation of barium 
chloride and a, soluble sulphate,., or the decomposition of sodium 
chloride with concentrated sulphuric acid. 
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Ions in Solmtioa. la solutions certain substances known as 
electrolytes those which conduct current) do not behave as 
complete molcculcSj but arc resolved into simpler entities, known 
as ions. These ions arc charged with negative or positive elec- 
tticity, and are known as anions and cations respectively (anions 
move towards anode and cations towards cathode). 

Adds and Bases,— On the classical theory, as propounded by 
Arrhenius, an acid is dciined as a substance which when dissolved 
in water furnishes hydrogen ions, H+: 

HCl->m+CA- 

In iact, these liydrr>gcn ions (H ‘ ), also known as pnylms^ do not 
exist free in tlie aqueous salutiori. Each proton is bound with 
one water molecule by coordination with a pair of free or lone elec- 
trons on ilic oxygen of water: 

HoO: + H->HaO+ 

this very rnucli resembles the f>rmation of NH4+ ions : 
NH3+H+~~>NH4+ 

The H^O'^ion is known as hydroxonium ion. 

Thus on this concept, the dissociation of hydrochloric acid in 
water is represented thus : 

Tile dissociation of a poly basic acid like H3PO4 proceeds in stages 
as given below : 

or 

H,P04 +PI.PO 4 - 

miK\- d- pi,o^i-igO+ T HPO4™ 

HPO 4 -f Ii20^Pl30+ +PO 4 

Atceak acid hone whieli ftirnishcs a small concentration of hydrogen 
ions and which is not completely dissociated. 

A base is defined as a substance which in aqueous solution fur- 
nishes OIT’ (liydimyi) ions. 

NaOH*»>Na-^d”OH- 

The iiiehiHic hydroxides (NaOH, KOH, Ca(OH)25 Ba(OB[)2 etc.) 
arc almost completely dissociated, but ammonia in aqueous solu- 
tion furnishes only a weak concentration of OH*; it is thus known 
as a weak base^ I 

NPl3+Ha0->NH40H^NH4*^+0H* 

Bronsted ( 1923 ) gave a more general definition of acids and 
bases. According to him, any substance which donates protons 
is m mid and any substance which .accepts protons is a base* 


In an expression 

A and B are termed a conjugate acid-base pair, llic dissociation of 
an acid to furnish is conditional by tlie presence of a bascj 
i* e.j a substance capable of accepting the liberated if ^ 

Thus we have the following included on the list of arii”: 

{%) the classical acids, with uncharged inolecuirs, as HCI. 
H2SO4, GH3 COOH etc. 

" ■ ilPO^-, HOOC.COO"" etc. 

[in) ammonium ion, since it shows the equilibrium 

and hydroxonium ion 

H 30 +^H/) + H+ 

[iv) cations like hydrated laluminium and otlicr metallic 
ions: 

[AI(HP)e]«+^[Al(H20)5)0H]2+-fH+ 

Similarly, ^vc have the following bases : 

(i) uncharged molecules (ammonia and amines) by virtue 
of the reaction RNHg+H-'— >RNH3'^' 

[ii) metallic hydroxides, furnishing OH"" 

OI-H+I-T"->FLO 

Some substances can function both as acids and bases, and 
are hence known as ampholytytes (such as HoO, HGOjj-", HaPO^^etc.) 

Protolytic reaction . — An acid is a donor of protons 
a base is an acceptor of a proton Bg f H+^-p^Ag. Thus we have on 
addition of an acid to a base : f 

Ai + Bs Aa + 

acidi bascg acidg bascj 

Therefore the reaction between an acid and a base is called 
protolytic reaction; some such reactions arc given below : 


Acidi 


Basca 


Acida 


Bascj 

HaSO^ 

+ 

HaO 


H3O+ 

+ 

HS04- 

HSO4- 

+ 

HaO 


H3O+ 


sor 

NH4+ 

+ 

HaO 

'—A . 

HsO+ 

+ 

NHa 

HaO 

+ 

r^-NHa':, 




OH- 

HCI 

+GaHsOH 


CaHaOHa+ 

+ 

Gi-, 



Dissociation constanL---ln the case of most of the electrolytes, 
the iouisation is incomplete in the sense that the cent per cent 
molecules do not resolve into ions, a few of them remain undisso- 
dated. If a be tlic fraction dissociated (that is if a be the degree 
of ionisation), and if one gram-mole of the electrolyte be dissolved 
in V litres of solution, then for a weak electrolyte (the one which is 
only feebly ionised) : 

l~a a a 

tlic application of the law of mass action to this case of equilibrium 

gives : 

[ HO[A-] 

[HA] ■ 
a/Fxa/F 
{l-a)F = 


=K. 


or 


--K 


or 


.== K; 


L-k=1-75x10- 


=K= 1-75x10-8 


. 0-a)v' 

K is knowTi as the dissociation constant of the electrolyte. 

Ammonium hydroxide is a weai base, and the ionisation 
takes place in the following way 

NH40H^NH4++0H-. 

The dissociation constant is given by : 

[NH4+][0H-] 

[NH46H] 

Similarly, for hydrogen sulphide : 

H2S5^^H++HS- 

[HS-] 

[H^S] 

In the case of polybasic acids as phosphoric acid, there arc a number 
of dissociation constants known as the first, second and so forth 
They correspond to the various stages of its ionisation : 

H3P04^H+ +H2PO4- (Ki= 1-4X 10-2) 

H2P04-^H++HP042- (Ka=2-0 X lO"’) 

HP042-=^H++P042- . (K3=3-6 X I0-«) 

The degree of ionisation depends upon temperature and dilution; 
the increased temperature and the _ increased dilution give an 
increased value of the degree of ionisation. 

Activity and Activity coefficients. While referring to OstwaW’s 
dilution law, which is kasedonthe application of law of mass action 
to an equilibrium coitdition, we presumed that the effective concen- 
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tratioas or active masses of the components could be expressed by 
the stoichiometric concentrations. But in solutions of electrolytes, 
it is not so. There are electric forces, acting between the oppositely 
charged ions; the ions are not completely free in their movements, 
and hence they behave as if they were of lower concentration than 
that calculated stoichiometrically. Each ionic concentration, 
therefore, ought to be multiplied by a factor, which is ‘termed the 
■activiiy coefficient. The activity a of an ion is given by its stoichiometric 
■concentration c multiplied by the activity coefficient^ f 

a^fxc 

Thus for a binary electrolyte 

ab^a++b~ 

the thermodynamic dissociation constant should be expressed in terms 
of activities and not in terms of stoichiometric concentrations. 


K-therm* 


X %- 


where ^^4^. is the activity of the ion A"^, of the ion B"”, and 
of the undissociated molecule. If their activity coefficients 
are respectively j^-and and their stoichiometric 

concentrations are [A*^], [B“] and [AB], then 

X [A+], X [B-], and 

[AB] 


Soiulbility Product — -If solid silver chloride is in contact 
with its saturated soluction, we have the two (onnccted aji, ilibria: 


AgCl (solid) ^>AgCl (dissolved) v^Ag*"+CI~ 


If the law of mass action be applied to ions, we get : 
tAg+][Gl-]=K[AgGl]. 

But the concentration of tlxe unionised AgCl is constant at a given 
temperature, if excess of solid AgCl is present. Hence in cquili^ 
brium, the product of the ionic concentations is constant at a given 
temperature. Tliis constant product, is called the 

solubility product. 

When the product of the ionic concentrations is equal to the 
solubility product, the solution is in equilibrium with the solid, since 
the concentration of unionised salt in solution must be that which 
is in equilibrium with the solid. If the ionic product is less than 
the solubility product, the solution is unsaturated with respect to the 
piid, and more of the latter dissolves. But if the ionic product 
is greater than the solubility product, precipitation of the solid occurs, 
unless the solution remains supersaturated. 
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If the most general case of an electrolyte be dissociating 

as given below : 

Aj,B^^pA++qB*“ 

then the solubility product of this electrolyte is given by 
S=[A+pX[B"]^ 

For examples the solubility of silver chromate, Agg Gr 04 , is 2"5x 
10"’“g./l and therefore, its solubility product is given fay: 

S-[Ag*^]2[GrO/~] 

The mol. wt. of Ag^ Gr04=332, hence the solubility 2.5 X 10 

-2/g./L 


2'5xl0-“2 


moL/1. 


332 

— 7*5x 10“®mol.//. 

Now 1 mol. of AgaCrO^ would give 2 mols of Ag'^ and 
1 mol of CrO/“. Therefore, 

S = [2 X 7 • 5 X 1 0-5] 2 X ( 7 .5 X 1 0-5) 

=.= 1 -7 X 10-12 


In the course of the book, we have given various applications 
of solubility products. A list of the solubility products of sparingly 
soluble salts is given at the end of the book. 

The solubility product rule may apparently be disturbed 
when complex ions are formed. For example, if potasium cyanide 
solution is added to a solution of silver nitrate, a white precipitate 
of silver cyanide, x\gGN, is first produced, since the solubility pro- 
duct [Ag-^' ][GNi-2 X corresponding with the solubility 
of silver cynidc is exceeded. On further addition of potassium 
cyardde, ho\eevcr, the silver cyanide dissolves, since a complex 
ion is formed : AgGN+GN“==Ag(GN) 2 -. The silver is con- 
tained in the anion, and practically no silver ions arc present. The 
complex ion is, itowever, slightly dissociated : 

Ag(CN)2-=- Ag+ +2(CNi . 


No precipitate is fi>rmed with soluble chlorides, since the silver 
ion <y>neeni!’;iu‘on is tfx> small to reach the solubility product, 
[Ag’"J [GI'^J; but silver sulphide is precipitated on adding sodium 
sulphide since the solubility product, [Ag’^J^x being very small, 
is readied ctven witli very small concentration of Ag+ available 
from the complex ions Ag (GN)^”*, 

As the solubility of silver chromate 5s more than that of silver 
chloride, potassium chromate ' is used as, an indicator in silver 
nitrate-potassium chlorhie titrations. • 
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Hydrogen Ion Concentration and Analytical Reacioiis. 
— Water may be supposed to be a veiy weak electrolyte, dissocia** 
ting as follows : 

H 2 O-H++OH- 

As the concentration of undissociated water is constant in 
this case, the product [H"^] [OH*-] is also a constant. "Fhis is known 
as the ionisation constant of water mA has a value of This 

ionic product is constant for all aqueous solutions, wlieiluu' acid, 
neutral or alkaline. At the neutral point, coiiceatraiions of li\'- 
drogen ion and hydroxyl ion are equal, eacii being If the 

hydrogen ion concentration is more than this vahie, tlsc Sf>hU,ion is 
acidic, and if less, then alkaline. 

The concentration of hydrogen ions may be more conveniently 
represented by minus the exponent of the concentration (tlie base 
being 10), and is then usually written as pH. Thus if the hydrogen 
ion concentration be the pH. is 6*9 and so on. A pH 

numerically less than 6'9 indicates that the solution is acidic, and 
if the pH be more than 6*9, the solution is alkaline. 

Hydrolysis— Salts formed from a strong acid *and a strong 
base are neutral in reactions, but the salts from either a weak acid 
or a weak base are alkaline or.acidiC' in aqueous solutions. This 
is due to the fact, that water also behaves as a weak acid or a weak 
base and reacts upon the salt producing a free acid or a free 
base. This action of water is called hydrolysis. 

The following are types^ of salts which show t!ie phenomenon 

of hydrolysis : 

(i) The salt of a strong base and weak acid gives alkaline solu- 
tions > — - 

Na-^d- GH 3 GOOO-+ H*** + ■OH'“=^Na+ + OH- 4 . CH 3 GOOH. 

(ii) The salt of a weak base and strong acid gives acidic solu- 
tions : 

BF++3Gl-“+3m'+30H-^Bi(0H)3+3H++3Gh. 

(Hi) The solution of a weak base and weak acid is also hydro- 
lysed, the acidity or alkalinity depending on the relative strengths 
of the two : — - ■ 

^ (NH4)aGOa«2NH4-^+CO/- 

^ 2NH4*^+G03®“+2H++ 20H- 

, ,^2NH40H ''■■■+ H.COa 

I 11 

2NH/+20H"-. ' H++HCOr. 
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The hydrolysis of a salt is suppressed by the addition of an 
acid or an alkali as the case may be. For example, bismuth 
chloride is not hydrolysed in presence of strong acids, and sodium 
acetate in presence of alkali solutions. This influence of hydrogen 
and hydroxyl ions is clear from the reversible reactions given above. 

Ionic Equations, In qualitative and quantitative inorganic 
analysis most of the involved reactions are ionic. Thus the test 
of chloride involves reaction between the positively charged silver 
ions and the negatively charged chloride ions to give the non-ionic 
silver chloride precipitate. Instead of writing the equation as. 

AgNOa +NaGl= AgCl+NaNOa, 
we shall write in a general way : 

Ag++Cl-“=:-AgGi. 

In balancing such equations, care must be taken that the total net 
charge on the right-hand side of the equation is the same as on the left-hand 
side. In the above equation, it is zero on both the sides. 

Similarly, the raction between mercuric chloride and 
stannous chloride: 2 HgGl 2 +Sn.Gi 2 = 2 HgGld SnG^, is ionically 
represented as : 

2Hg+^’ + Sn-^+ = 2Hg‘^ + Sn**“’^++ 

or 2Hg‘‘^ + + Sn^ + = 2Hg^ + Sr/ ^ 

The mercuric ion is reduced to mercurous and the stannous 
ion is oxidised to stannic. The total net charge on both the 
sides of the equation is 6. 

The reaction betwen oxalic acid and permanganate in presence 
of dilute sulphuric acid, is : 

2KMnO4+3Ii2SO,=-K2SO4+2M:nS04+3H2O+50, 

5H2G2O4f5O=5H2O+10GOa. 

This equation is represented in ionic form as follows: — 

I6H-^-+5G2O/-+2MnO4-^2Mn2++8H2O4-d0GO2 

The net charge on both the sides is 4. This equation follows 
from the above two equations, when common ions have been 
eliminated from both the sides : 

2K++2MnO4-+6H++3SO4-+10H++5C2O4- 
:==2&^+S04-+2Mn"++2S0/~+8H20+ iOGOs 



The students are expected to have a practice of itepresenting^ 
equations in the ionic form; 
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Coprecipitation.—V^t are familiar with the fact that if barium 
sulphate is precipitated in the presence of poUissiiim nitrate^ 
the precipitate of BaS04 is contaminated with a lot of ions, 
which cannot be removed, even by washing many times with 
water. Ferric ions if present in the mediiun are also carried down 
similarly by BaSO^ precipitate. The contamination of a preci- 
pitate by a substance that is normally soluble under the conditions of 
precipitation is termed coprecipitation, Tims maii,girnese usually 
gets coprecipitated, if present, along with ferric hydroxide iii the 
Iron Group of qualitative analysis. Similarly^ zinc is also 
coprecipitated along with GuS in the Second Group, even when 
the solution is acidic ( 0*2 M of acidity) . 

Fractional precipitation , — -We shall illiistrate it l,)y an example. 
(Mohr’s method of estimating chlorides). I'he chloride ions 
are titrated with silver nitrate solution, i. c. titrated with 
The indicator used is a solution of potassium chromate (or 
chromate ion, Cr042"“) when silver ion is added for titration to 
the halide ion containing the indicator there is a possibility of 
the formation of two sparingly soluble substances, AgCl and 
Ag2 Gr04. Their solubility products are : 

ofAgCl 1'5X10~^» =:= [Ag-^-irCIi (i) 

of Ag 2 Cr 04 2 * 4 x 10 -^^ [Ag+]^ [GrO/i -(ii) 


From (i) and (ii), one obtains 
[Ag+]»[Gli2 _ [Gl-V _ (bSxlQ-^^)" 1 

[Ag+l^T&O^^i [Gr04‘^i 2*4X ''1*1 X 10» 



silver chromate will thei'eforc not precipitate unless its concen- 
tration or more correctly, the chromate ion concentration is in 
excess of that given by this equation. It is clear from this tliat if 
the original solution contains chloride and a chromate in equi- 
valent proportions, and one adds Ag^ ions (i.e. silver nitrate 
solution) drop by drop, silver chloride will be precipitated until 
Gr04^'" concentration is in excess of the ratio given in cquuiioii 
(iii). After this, silver chromate will be precipitated with traces 
of AgGl, the equilibrium ratio in (iii) being maintained in the 
supernatant liquid. 

In actual titrations usually we have [Gl'"]— OT molar, 

=:=0‘1 molar (OTMAgNOg), XGrO/-]== 2 x 10-® molar (I.e. 2 ml 
of 0*1 molar K2Gr04 solution per iOO ml. of solution). From this 
it is clear that the precipitation of AgGi is almost complete bc!c>re 
the appearance of Ag2Gr04 precipitate of a permanent natiii’c. 



PARTI/. 

: Reactions Involved in Inorganic Analysis of 
Basic Radicals 

Separation of Basic Radicals into Groups 

For the purpose of examlaation of metals by wet tests, they 
ctrc divided into a number of groups depending upon the solubility 
of certain salts of these metals under certain conditions. 

They are generally classified into six groups: — ■ 

Firs^ Group or Silver Group — ^This includes metals, the 
chlorides of which are insoluble in acidified cold water, 
and are precipitated from their solutions by the addition of dilute 
hydrochloric acid. They are silver, mercury {ous) and lead. 

Second Group or Copper-^Arsenic Group — >This includes metals, 
tlie sulphides of which are insoluble in dilute hydrochloric acid, 
and are, therefore, precipitated by passing hydrogen sulphide to the 
filtrate of the First Group. They are mercury, lead, bismuth, 
copper, cadmium, arsenic, antimony and tin. 

Third Group or Iron Group — ^This consists of metals, iron, chro- 
mium and aluminium, the hydroxides of which are precipitated 
by the addition of ammonium hydroxide in presence of ammonium chloride 
to the filtrate of the Second Group. The hydroxide of manganese 
is usually coprecipitated in this group. 

Fourth Group or ^inc Group — This group includes nickel, cobalt, 
manganese and zinc, the sulphides of which are insoluble in 
ammonium hydroxide, and are, therefore, precipitated by 
passing hydrogen sulphide in the filtrate of the Third Group. 

Fifth Group or Barium Group — ^This consists of barium, stron- 
tium and calcium, the carbanates of which are insoluble in ammo- 
niacal solution and are, therefore, precipitated by adding ammo- 
nium carb mate solution to the filtrate of the Zinc Group. 

Sixth Grotip or Magnesium Group— consists of magnesium 
alone which is precipitated by the addition of sodium phosphate 
solution to the filtrate., of the Fifth Group. 

Sodium^ Potassium mid Ammonmm~Thcst three radicals do not 
fall into any group ^ and are, .therefore, to be tested separately by 
individual tests. 
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First Gr0ii|i 
SILVER 

Silver is usmliy given. aS nitrate, but when given as insoluble 
it is given in the form of halides. 

1. With dilute hjifddhhnc add^ a white curdy |)recipitatc of 
silver chloride is obtained,.* which is soluble in ammonia : 

AgNO.+HCl-AgCU +HNO3, 

AgC 4 + 2 NH,-=Ag(NH 3 ) 2 GL 

The silver-ammonia complete is soluble in water. The 
complex again breaks up on the addition of nitric acid in excess 
and AgGl is precipitated: 

Ag(NH3)2Cr+2HN05-AgGl I +2NH4NO3. 

2 . Potassium chromate in neutral solution gives a brick red 
precipitate, insoluble in acetic acid but soluble in dilute nitric 

acid and in ammonia solution: 

2AgN03+K2Cr04=-Ag3Cr04 ^ +2KNO3. 
or 2Ag'^--[“ Cr04““= Ag2Gr04 *1^ . 

The solubility of silver chromate is more than that of silver 
chloride and hence it is used as an indicator in the AgNO®— KC! 
titration. 

3 . Metallic zinc precipitates metallic silver not only from 
solutions containing silver ions but also from insoluble silver halides 
in presence of dilute sulphuric acid : 

2 AgBr +Zn:= Agd- ZnBr2 5 
or 2Ag+ +Zn=Zn‘^'^ + 2 Ag. 

4 . Silver nitrate gives a white precipitate of silver thiocya- 
nate With, potassium thiocyanate : 

AgNOs+KGNS^AgCNS +KNO3, 
or Ag^+CNS“«AgCNS ^ . 

The reaction is used in the volumetric estimation of silver- 
using ferric alum solution as an indicator. 

5 . Spot test — ^-DmetkyUamino^'benzylidim-^rhoiamne is the rea- 
gent used for this test which was first proposed by Feigl. 

Place a drop of a silver test solution on a spot plate (or on a 
drop reaction paper). Now add- a drop of the reagent, A red 

/*./xio.Ti 7 ^ itt nKt 5 iTn/»fi. 
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As the reageat also reacts m copper and lead 

salts, it can be made specific for silver, by adding to the test solu- 
tion a 4 per cent, solution of KGN, and then acidifying with dilute 
nitric acid. With this treatment, only silver gives the reddish- 
violet coloration. ' 

6. Dry lest — ^When heated on charcoal with fusion mixture, 
silver compounds yield a shining bead of metallic silver; 


LEAD 

The usual salts given are lead a.cetate, lead carbonate, lead 
nitrate and lead sulphate (insoluble). 

L With dilute hydrochloric acid, the soluble lead salts give a 
white precipitate of PbGlg, soluble in hot water, but separates 
out on cooling, as brilliant needle crystals: 

Pb(N03)2+2HCl=PbGl2 f +2HNOa, 

or Pb+++2Cl“‘=PfaGl2,l.. 

2. With hydrogen sulphide, the soluble salts, and even the 
insoluble lead carbonate and chloride, give in dilute slightly 
acid solutions or suspensions a black px’ecipitate ofPbS : 

Pb(N03),+H2S=PbS^ +2HNO3, 
or Pb+++S”^:Pbsi..- ' 

From strong hydrochloric acid solutions, an orange-red pre- 
cipitate of lead sulphochloride is at first formed : 

2PbGl2+H2S=-2HGl+Pb2Ci,S. 

which is decomposed immediately by more of the hydrogen 
sulphide. 

Lead sulphide is decomposed with nitric acid, when heated, 
to form lead nitrate: 

3PbS+8IiN03==3Pb(N03)2+2N0''+4Hp+ 

3. A soluble lead salt gives a precipitate of lead sulphate on 
the addition of dilute sulphuric acid. The precipitation is complete 
in the presence of ethyl alcohol.' 

Pb(N03)2+H2S04=^PbS04 ^ ' , , 

This lead sulphate is soluble :in, .ammonium acetate, , because; 
lead acetate is only feebly, ionised in ' the solution in :p,res,&ace,; 
of acetate ions, so much so that whatever ions are, available from 
the solubility of the lead sulphate 'also disappear on .the formation 
of unionized lead acetate* The solubility of lead sulphate in ammo- 
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nium acetate is sometimes accounted for by another fact also 
that a soluble ammoniiim plumbi-sulphate is farmed. 

PbS 04 «=Pb++ 4 'S 0 r 
Pb-^++ 2 CH 3 GOO"'= (GH 3 COO)jjPb. 

2PbS04+2CH3G00NH4=Pb(0.S02.0NH4)2+(GH3C00)2Pb. 

This property is also utilised in. the identification of lead 
sulphate when it is given as an insoiutble substance. 

4 . With potassium chromate, a soluble lead salt gives a 
yellow precipitate of lead chromate, which is insoluble in acetic 
acid, but is soluble in mineral acids : 

(GH 3 G 00 ),Pb+K 2 Cr 04 =PbCr 04 j + 2 CH 3 COOK. 

5. Potassium iodide gives a yellow precipitate of lead iodide 
with a soluble lead salt: 

Pb(N03)2+2KI=Pbl2| +2KNO3 

6 . Spot test — {a) The reagent used is either benzidine (0*5^/o 
in 10 % acetic acid) or tetramethyl-diphenyl methane. Place a drop 
of 3 % H 2 O 2 on drop reaction paper; add a drop of dilute ammo- 
nia and immediately a drop of Pb'^+ test solution. Hold the paper 
in steam for one minute to decompose the excess of ligOn. Xow 
add a drop of the reagent. The appearance of blue colour indi- 
cates the presence of lead. This test is, however, not specific. 

(i) Resorcinol test — Place a drop of lead solution on spot paper. 
Now add a drop of dilute ammonia and then a drop of 5 per cent 
aqueous solution of resorcinol. A blue colour f'>rnis in tJie course 
of a few minutes. 

[c) Prepare a solution of 1 — 2 mg. of diphenyl iMocnrhazone 
in 100 mis. of carbon tetrachloride. To the test solution, add a 
drop of this reagent. A brick-red compound is obtained with 
lead and other heavy metals. But in presence of KCX and pota- 
ssium tartrate only lead responds to this test. 

Dry test — When heated on charcoal fusion 

lead salts are reduced to metallic lead which leaves a black mark 
when drawn across a white paper. At the same time a yellow 
incrustation of PbO is formed on charcoal. 

MERCURY (OUS) 

The salt usually given is mercurous nitrate or sulphate. 

I. Hydfocklofic acid gives a. %vHtc precipitate of mercmmis 
chloride: 

Hg2(N03)a+2Ha^Hg2Cl2j+2HN03 



2. The precipitate of mercurous chloride turns black on 
the addition of ammonium hydroxide : 

■ Hg^ds +2NH3->[NH2---Hg-~-Gi+ Hg] +NH4CI 
black 

This black residue of NH2Hg2Gl changes to a mixture of 
finely divided mercury and HgNHgGi which is also black in 
colour. 

3. A freshly prepared alcoholic solution of gallic acid gives 
an orange colour with a mercurous salt solution. The colour 
is yellow in dilute solution. No cations of Group I or II inteifere 
.with this, reaction. 

Clue-mistry of tlie First Group Analysis 

On adding cold dilute HGl to the cold solution of the mixture 
in water or dilute nitric acid, the chlorides of silver, lead and mer- 
curous mercury arc thrown down as white precipitate: 

Pb(N03)2+2HGl=PbGl2 1 +2HNO3 
AgNOs+HCl-AgCl j +HNO3 
Hg2(N03)2+2HGl=::Hg2Gl2 1 +HNO3. 

On boiling this mixture of chlorides (AgGi+PbGl2+Hg2;Cl2) 
with water, lead chloride dissolves and can be 'tested in solution 
by adding KoGrO^ or KI when yellow precipitate of PbGr04 or 
Pbl2 separates out, 

PbGl2+K2Gr04=PbGr04 | +2KGL 
PbGi2+2KI=Pbl2| A2KGL 

The residue left undissolved on boiling with water is a mixture 
of AgCi and HgsGU. This is treated with ammonium hydroxide^ 
when AgGl forms soluble complex. From the complex, it can 
be reprecipitated on the addition of HNO3. 

AgGl+2NH3=Ag (NH3)2GL 
Ag (NH3)2Gl+2HN03==AgG14 .+2NH4N03^ ; ; ' 

Mercurous chloride also forms a complex with ammonia 
but this complex is not soluble and is black in colour. 

Hg2Cl2 + 2NH40H= Hg2NH2Gl + NH4GI+ 2H2O. 

/Cl 
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The black residue of aminomercurous chloride dissolves 
in aqua regia or in hydrochloric acid containing a few crystals 
of potassium chlorate producing mercuric chloride* 

NH2HgGl+2HGl==NH4Gl+HgCl2 

Hg+2HGl+0=-HgGl2+H20. 

On adding SnG^, to HgGl 2 , the latter is reduced first to white 
HgoCl 2 and then to grey or black Hg, 

2 HgGl 3 + SnCls- SnGl 4 +Hg 2 Ci 2 (white) . 

HgaC^-f SnGl 2 = 2 Hg+SnC ]4 (grey or black). 

On diluting the solution of HgGl 2 and introducing a copper 
foilj a grey deposit of mercury over copper is obtained. 

HgCIgH” Cu==Hg4-CuGl2, 

2. Metals of the Second Group 
MERCURY (tV) 

The substances usually given are mercuric oxide, chloride, 
sulphate and nitrate. Mercuric sulphide is also given as an 
insoluble substance. 

1. With hydrogen sulphide, mercuric salts give a black preci- 
pitate of mercui'ic sulphide : 

HgCla+HaS-HgS -f 2HGL 
or^,::v^V.:: ' Hg++~f-S-===HgS.' . 

This sulphide docs not dissolve in yellow ammoinum sulphide and 
in'nitric acid, but itdissolves in. aqua regia. or, a. mixture, of con- 
centrated hydrochloric acid and potassium cliloratc. 

It should be noted that the precipitate obtained by passing 
.HgS in solutions of mercuric salts is at first w.tiite, tlicii, yelkw., 
brown and finally black. The \ white- preGipitate is, 

3HgGl2+2H2S=4HCl+Hg2Ci2S2 

■ ; '%vhite'. 

2. Stannous chloride precipitates mercmoiis cliloiidc when 
added to a mercuric salt. 

With an excess of stannous chloride, wc get nT^iallic mercury 
on further reduction 


or 
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3. Ill the acidic solution, metcuric salt gives a grey deposit 
of metallic mercury on a hvi^t copper strip : 

HgG4+Cu=Hg+GuCl2, 

or 

4. Mercuric salts with potassium iodide give a bright red 
precipitate ' of Hgl 2 . 

HgGl2+2KI==Hgl2 1 +2KGL 
, ■,,Hg++.+ 2I--Hgl2^^ 

The precipitate is, however, soluble in an excess of potassium 
iodide solution 

2KI+Hgl2 -KaHgl,. 
or 2 I'”+Hgl 2 

5. Spot test— Diphenyl carhatido hx alcohol is the reagent* 
Place a drop of the carbazide on a spot-plate or on a drop reac- 
tion paper. Now add a drop of very dilute nitric acid, and finally, 
place a drop of the mercuric salt solution. A violet-blue colour 
indicates the presence of mercuric salt. The test is specific in 
absence of chromates and molybdates. 

LEAD 

The reactions have already been explained along with the 
metals of the First Group. 

BISMUTH 

The salts usually given are bismuth nitrate, carbonate, sub- 
carbonate and phosphate. 

With hydrogen All bismuth salt solutions give 

brown (blackish) precipitate when hydrogen sulphide is passed 
through them : 

2BiGle+ 3H2S-=Bi2S3 j .+6HG1. 

or 2Bi++++3S-==Bi2S2. 

This precipitate is insoluble in cold dilute mineral acids, 
and also in yellow ammonium , sulphide. But it readily dissolves 
in hot dilute nitric acid, and boiling concentrated hydrochloric 
acid. 

Bi2S3+8HN03^2Bi(N03)3+2NO+4H20+3S. 
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2. With ammonia— Bhmxkth salt solutions give with an excess 
of animoniuin hydroxide, a whi<^^ ^Precipitate of bismuth hydro- 
xide (mixed with the basic salt;. 

Bi(N03)3+2NH40H=:0^Bi-N03| 4'2NH4N03+H20. 

Bi(N03)3+3NH40H=Bi(0H)3 I + 3 NH 4 NO 3 . 

The precipitate of indefinite composition is soluble in dilute 
;acids 

(Bi 0 )N 03 + 3HCi=BiGl3 4- HNO 3 +H 2 O . 

If the precipitate is dissolved in the least quantity of con- 
centrated hydrochloric acid, and then added to a large c{uantity 
of water, a white precipitate of bismuth oxychloride, BiOGl, is 
obtained. 

BiCi3+H20=Bi0CH-2IiGL 

3. With water — ^Ail bismuth salts arc hydrolysed by water, 
and therefore, they are rendered insoluble in a large fquantity 
of water, (a few drops of the acid solution of bismuth sails to be 
added to a beaker full of water). Basic salts are precipitated: 

BiCIs+HaO^BiOCll +2HGi 
Bi(NO3)3+H2O=Bi0(NO3) +2HNO3 

These precipitates redissolvc on the addition of concentrated 
acids. 

4. With sodium-stannite reagent — ^l^akc about half a ml. of 
stannous chloride solution and add to it caustic soda solution. 
A white precipitate of stannous hydroxide is first obtained, which, 
then dissolves in excess of caustic soda, forming the solution of 
sodium stannite, Na2Sn02 or Six (ONa)2. 

SnGb+2NaOH==Sn(OH),+2NaGl, 

Sn(0H)2+2Na0H==Sn(0Na)2+2H20. 

stannite 

On the addition of the sodium stannite reagent to the few^ 
drops of the bismuth salt solution or even to the precipitate of 
Bi(OH)3, 2in immediate black precipitate is obtained. This 
is a very sensitive test. 

In this reaction, bismuth salts or hydroxide arc reduced to 
free bismuth which gives black precipitate; stannite is oxidised to 
staimater'- ■■ 

2Bi(0H)3+3Na3Sn03-^3NaaSn03+2Bi4” 

2Bi+++ + 60H“+3Sn08-^->^3Sn0r +2Bi+ 3H3O. 
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The test should be performed in. cold aud with not too con- 
centrated caustic soda. 

This test can be successfully performed in a depression Of the 
spot plate zho, 

5. Spot test — -Cinchonine potassium iodide complex is the reagent 
used for the test. 1 g. of cinchonine is dissolved in 100 ml. of 
wa!rm water: this is then acidified with 2 — 3 ml. of strong nitric 
acid. The mixture is cooled and then about 2 g. of potassiiun iodide 
are added. 

To a drop of bismuth test solution on a spot plate, add a 
drop of the above reagent. A red precipitate of the double iodide, 
Bilg [cinchonine]. HI, is formed. The test solution should not 
be highly acidic. 

A mixture of lead, mercury and bismuth can be identified 
with this reagent. Place two drops of the reagent on the filter 
paper, and in the centre, one drop of the mixture solution. A 
white central zone indicates the presence of Hg+'^. Next to it is 
the orange-red zone of Bi+'5“^. Then follows the yellow zone of 
Pb'^'^. The outermost brown zone is of free iodine. 

COPPER 

The salts usually given are cupric sulphate, chloride, acetate, 
nitrate, and oxides. 

1. With hydrogen sulphide — -A sufficient quantity of dilute 
hydrochloric should be added before passing hydrogen sulphide 
through cupric salt solution. On passing the gas, black preci- 
pitate of cupric sulphide is obtained : 

GuSO^+HoS-GuSl +H0SO4, 
or Gu+ -j- + S"" = GuS j . 

{a) Copper sulphide is insoluble in small quantities of yellow 
ammonium sulphide in cold but it is appreciably soluble in large 
quantities of yellow ammonium sulphide, specially on 
heating. (It is, however, not soluble in sodium sulphide. It 
is the ammonium radical with which a soluble complex is 
formed.) 

(b) Copper sulphide is soluble in hot dilute nitric acid, forming 
' cupric nitrate : 

(c) The sulphide is soluble in potassium cyanide, forming potas- 

sium cuprous cyanide* If H 2 S is passed through this complex 
salt solution, no precipitate of CuS is obtained. 

CuS + 2 KGN=^ Gu(GN) 2 + KaS 
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2Gu(GN)a=Cu2(GN),+(GN), 

Gu^(GN)2+6KGN=2K9Cu(GN)4* 

2 . With caustic soda — blue precipitate of cupric hydroxide 
is obtained with caustic soda in cold. But if concentrated solution 
of caustic alkali is added in excess and the solution warmed, cupric 
hydroxide appreciably dissolves. 

Gupric hydroxide on warming becomes brownish and finally 
black, giving dehydrated oxide : 

Gu(0H)s==Gu0+H20. 

3 . With ammonia — When a small quantity of ammonium 
hydroxide is added, a precipitate of the basic salt, GuS04.Gu( 0H)2, 
(a mixture) of copper sulphate and (copper hydroxide), is obtained 
but if ammonia solution is added in excess, an intense blue solu- 
tion is obtained. A soluble complex cupri-ammonia salt is formed : 

GuS 04 + 4 NH 40 H-:[Gu (NH 3 ) 4 ]S 04 + 4 H 20 . 

If H2S is passed through this blue solution, the black sulphide 
is again precipitated. The blue complex is decomposed on the 
addition of acids. Thus with acetic acid : 

rGu(NH3)4]S04 +4GH3GOOH = GUSO4 + 4GH3GOONFI4. 

Now, in this solution, copper may be tested by potassium 
ferrocyanide solution, 

4 . With potassium ferrocyanide — ‘Neutral and acidic solutions of 
copper Salts furnish with dilute postassium ferrocyanide solution, 
a reddish brown precipitate or colloidal solution of copper ferro- 
cyanide : 

2GUSO4+ K4Fe (CN)e-=Gu2Fe(GN)e +2K2SO4, 

5 . With potassium iodide — Gupric salts with potassium iodide 
solution liberate iodine and precipitate cuprous iodide white. 

2CUSO4 + 4 KI- GU2I2+2K2SO4 -fig. 
or 2 Gir-++ 4 I- - 2 Gu-+ 21^+12. 

6. With potassium cyanide — {a) Gupric salts With, potas3.iiim 
cyanide give at first yellow cupric cyanide, which, however, is iiu** 
stable, and decomposes into white cuprous cyanide and cyanogen i 

GuS04+2KGN=Gu(GN)a+K2S04, 
2 Gu(GN)o=Gu 2(GN)2+(GN)2, 
or , 2 Gu"^"^+ 4 GN-= 2 Cu++ 2 (GN)-+ (GN)^ 

Insoluble white' cuprous ■'cyanide dissolves in an excess of 
potassium cyanide,, forming potassium cuprocyanide : 
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■ 'Gu2(GN)^+6KGN-=2K3Gu(eN^ 
or Gu++4(GN)-==Gu (GN) 4 ” - 

(b) If potassimxi cyanide is added to intense blue cuprainino'- 
Ilium sulphate (from 3)j, the blue colour disappears, and colourless 
solution of potassium cuprocyanide is formed. The reactions may 
be followed in the following steps : 

Gu(NH3)4S04-GuS04+4NH3, 
2GuS04+4KGN===Gu2 (GN) 2 + 2 K 2 S 04 + (CN)^^ 
Gu2(GN)2+6KCN=2K3Gu (CN)^. 

This complex is ionised in the solution thus: 

KsGu(GN)4^3K++Gu (GN)^— 

But, then for the second dissociation : 

Gu (CN) 4 ~ “ - ^ Gu+ +4GN’“ 

the dissociation is so low that no copper ions are available in the 
solution of potassium cuprocyanide. This accounts for the fact 
that when hydrogen sulphide is passed through its solution, no 
precipitation of copper takes place. (Compare this with cadmium 
cyanide complex). 

7. Spot test with salicyl-aldoxime — Place a drop of test solution 
on a spot plate and slightly acidify with dilute acetic acid. Then 
add a drop of the aldoxime solution. A dirty green precipitate 
appears due to the formation of — 

,CH -NOH E OK == HC. 

H4C6\ >G6H4: 

\0 Cu 

I'he test is quite specific and sensitive. 

Benzomoxine or Cupron is also sometimes used which gives with 
•copper ions (on development with NH^ vapours) a green colour. 
The test, however, is specific only in ammoniacal tartrate solutions. 

The salts usually given are cadmium sulphate, chloride, 

.nitrate,' acetate'' and phosphate.^: h ''v;- 

I . With nydwgen sulphide--A.i[i feebly acidic, neutral or alkaline 
solutions, cadmium salts give yellow precipitate with hydrogen 
sulphide. 

GdS 04 +H 3 S:^GdS j +H 3 SO 4 , 


nr 
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{a) This precipitate is not soinblc in cold dilute sulphuric 
acid, but is easily soluble in dilute hydrochloric acid 
(as provided on the shelf, 3JV). it docs nr)t precipitate 
compictly until the acid is sufficiently diluted. 

{b) Cadmium sulphide is soluble in hot dilute nitric acid; 
Reaction is as follows: — • 

3CdS+8HN03=3Gd(N03)2+4H20+2N04-3S, 

{c) Cadmium sulphide, when precipitated from halides 
(chlorides etc.), is intense orange in colour in the begin- 
ning due to the formation of sulphochloride ; 

2 GdGla + CdS. CdCL, + HCL 

The colour is lightened by the prolonged action of H^S. 

(d) Cadmium sulphide docs not markedly dissolve in yellow 
ammonium sulphide. The weak solutions, however, 
give colloidal solutions of cadmium sulpliide, but in the 
presence of various salts (usually present as the product 
of various reactions) , the solution precipitates out. 

2. M'lth ammonia — Cadmium salts give wh’te precipitate of 
the hydroxide with small quantites of ammonia solution , but this 
precipitate is soluble in an excess of the reagent : 

GdCi 2 + 2 NH 40 H=Gd( 0 H) 2 + 2 NH 4 CI, 

Gd(OH )2 j +4NH40H==Cd(NH3)4(0H)jj+4Hs0. 

3. With potassium cyanide — -With smaller concentrations of 
potassium cyanide, cadmium salts give white precipitate of cadmium 
cyanide. 

CdGl 2 + 2 KGN=Gd(GN )2 1 +2KGL 

This precipitate is, however, soluble in an excess of the rcrgcnt, 
forming a complex. 

This salt ionises in the following imy 

first dissociation : K^CdiGN)^^2K^+Gd{C}i)f’ . , . (i) 

and further, 

■second dissociation y. Gd(CN) 4 *“=Gd‘^’^T 4 (CX)"" * . . ( 2 ) 

The dissociation constant for the second rcacti';)ri is also 
pretty htgh^ and therefore when hydrogen sulphide h passed througli 
the complex cyanide, cadmium sulphide is precipitated. 

K 2 Gd(CN) 4 +H^S-= 2 KGN+CdS | 2 li'Ci\h 
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In this respect/ cadmiinn differs from copper. On this basis, 
the separation of the two is effected in the analysis. 

Spot test with tkiosinamine or allylthioureay 
(CHgCH : CHg)— To a drop of the test solution on a glass slide, 
add a drop of strong solution of NaOH, and then a drop of the 
reagent. Warm gently, A yellow precipitate indicates the presence 
of cadmium. Copper does not interfere with this test. 

Copper and cadmium separation— {a) We have already seen that 
whereas the second dissociation constant of K2Gd (GN)4 is pretty 
high giving sufficient concentration of available cadmium ions in 
the solution of this complex, very few, hardly any, copper ions are 
available from the second dissociation of K3Gu(GN)4. This is 
the reason that when hydrogen sulphide is passed through the 
solutions, containing a mixture of potassium cuprocyariide and 
potassium cadmium-cyanide, only cadmium sulphide is precipitated, 
and not copper sulphide. 

Thus cadmium is easily detected even in presence of copper. 

There is, however, no difficulty in identifying copper in pre-* 
sence of cadmium. The intense blue coloration with ammonia 
is clear indication of it. This may be further confirmed by the 
potassium ferrocyanide test. 

{b) x\nother method of copper-cadmium separation is based 
on the observation that whereas copper sulphide is insoluble in 
even moderately strong hydrochloric acid, cadmium sulphide 
dissolves in dilute hydrochloric acid (say, 2 N) also. 

Thus, through the mixed solution of cuprammonia and 
cadmium ammonia complex solutions, pass hydrogen sulphide and 
get mixed precipitates of copper sulphide and cadmium sulphide. 
Now to these precipitates, add dilute hydrochloric acid ( 2 jV*). 
Cadmium sulphide will go into the solution. Separate out copper 
sulphide by filtration and now dilute the filtrate and pass hydrogen 
sulphide again. Cadmium sulphide will be precipitated. 

ARSENIC 

{a) Arsenious Compounds 

Arsenious compounds correspond to AS2O3 oxide. Usually, 
the substances given are arsenious acid (AS2O3) itself and its salt, 
sodium arsenite, NagAsO^. Whereat, this salt is soluble in water, 
arsenious acid dissolves only sparingly, (about 4 %) even on boiling, 

Arsenious acid (the same thing as arsenious oxide) dissolves 
readily in concentrated hydrochloric acid on warming. 

4.6HG?.=2AsGia’+3H20. ^ 
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Arsenious acid is, however, very readily soluble in caustic 
soda solution. In case one finds dfficulty in preparing acid- 
solution of this oxide, he should dissolve it in a few drops of caustic 
soda solution, and then add water and acidify with an excess of 
acid and proceed further with the analysis. 

1. With hydrogen sulphide — ^Arsenious oxide, sparingly dissolved 
in boiling water, yields yellow colloidal arsenious sulphide 
on posing hydrogen sulphide, but in presence of acids, this 
sulphide is precipitated as a flocculent mass. 

As20s+3HsS=AsaS3 ^ +3HjO, 

2AsCl3-f-3H2S=»As*S3 j +6HC1. 

(а) Araenious sulphide is insoluble even in hot concentrated 
hydrochloric acid. 

(б) When heated with concentrated nitric acid, it is oxidised 
to arsenic acid (the sulphur is simultaneously oxidised to sulphuric 
acid) : 

3As2S84-28HN03+4H30«6H3As04+9H3S04-1-28N0. 

The reaction may be easily followed in such steps 

2HN03=2N0+H20-1-30, 

AsaSs-h 140 =As308-{-3S08, 

As 305+ 3H30=2H8As0t, 

SOa+HaO^H^SO*. 

(c) Arsenious sulphide is soluble in ordinary as well as yellow 
mmnium sulphide. In these cases, only thiosalts are formed : 

As.S3-l-3(NH4)aS==2(NH4)sAsSs, 
or AsjS3+3S”s=2AsS3~- . 

As yellow ammonium sulphide contains more of available 
sulphur, a part of the ammonium _ thioarsenite is changed to 
ammonium thioarsenate (corresponding to AsjSj) : — 

(NH^icAsSs-f-S^lNH^isAsS*. 

(d) When a solution of arsenious sulphide in ammonium 
sulphide in acidified , with dilute hydrochloric acid, arsenious 
sulphide is again precipitated. 

2(NH4)8AsSs+6HGl=6NH4CI+AsaS3 4. 4-3H.S. 

The precipitate is niixed with precipitated sulphur also from 
yellow ammonium sulphide. 

(NH4).S„+2HGI«2NH4G1+H3S+(x- 1)S. 
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2 ; WMi nmmmium 7nj3l^daii^N& arsemous cbmpouncls 
when heated with concfentrated nitric acid yield arsenic acid. 
H3ASO4. The reaction between arsenious and nitric 

acid has already Been given in 1 (b). 

This arsenic acid with arnmonium molybdate solution in pre- 
sence of nitric acid gives crystalline yellow precipitate of ammonium 
arsenomolybdate (a miked compound of ammonium arsenate and 
molybdic oxide MoOg) '^ 

H3AsO^+12(NH4>^^ 

. ^=^i2H20*2lNH4N0-3+(NH4)^^^ 

A similar yellow precipitate of ammonium phosphomolybdate 
is obtained when phosphates are heated with nitric acid and 
ammonium molybdate . 

{b Arsenic Compounds, 

Arsenic compounds correspond to the oxide, AsgO^* or the 
acid H3ASO4: 

ASaOg +3H20=2H3 As04, 

Saits of these acids are called arsenates, which may be acid, 
neutral or alkaline : 

NaH 2 As 04 , Na 2 HAs 04 , NagAsO^. 

1. With hydrogen sulphide. In the beginning, for sometime, 
acidic arsenate solutions do not give any precipitate with hydrogen 
sulphide, but if the gas is continuously passed, arsenate is reduced to 
arsenite, which then gives a yellow precipitate with hydrogen sulphide. 

The reduction of arsenic acid to arsenious is accompanied by 
the appearance of white turbidity, due to the liberated sulphur. 

H3As04+HaS=H3As0g4-H20 +S. 

2HgAs08+3HaS=AsaS3+ 6HaO. 

Usually, it is a mixture of tri and pentasulphides that is 
obtained. 

(a) Arsenic pentasulphide is soluble in caustic soda, ammonia 
and ammonium sulphide solutions. The reactions are similar to 
those given by arsenious sulphide with the difference that in this 
case, instead of arsenites and thioarsenites, arsenates and thioar- 
senates are obtained. 

As2S5+6Na0H=:=:NasAsS03+Na3AsS4+3H20, 

As2S5+3(NH4)2S-2(NH4)3AsS4, 


or 
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(b) When thioarsenatc is acidified with hydro* 

cliloric acldj arsenic pcntasulphide is prccipifcitcd : 

2(NH4)^AsS4+6HCi«6NH4a+A5,S, j 


(s) Arsenic pcntasulphide with concentrated nitric acid is 
oxidised to arsenite and sulphuric acid : 

2HN0a*«2N0-fH,0+30, 

As*S5+20O«.%aO5+5SOa, 

Asa05+3H,0«.2HaAs04. 



This arsenic acid gives a yellow precipitate ’^vhen heated with 
ammonium molybdate in presence of nitric acid. 

2* Gutzeit test for semimicro analysis — This test depends 
up>n the liberation of arsine, AsH^jand its subsequent reaction with 
silver nitrate. Place a few drops of the test solution in the evolu- 
tion tube; add a few granules of zinc (free fi*om arsenic) and one * 
or two drops of dilute sulphuric acid. Place over the tube a strip 
of filter paper, moistened with a solution of silver nitrate.^ A 
yellow or grey spot will indicate the presence of arsenic. The 
yellow spot is due to the formation of AsAg^'SAgNOg, which finally, 
on hydrolysis yields black silver. 

AsAg3-3AgN0jj+3H,0=6Ag+H3As03 i SHNO^. 

ANTIMONY 


Antimony gives three oxides Sb20s, Sb^Os, and SbjiCb. 1 he 
trioxide, Sb^Og, is soluble in concentrated hydroc:hloric acid, 
forming antimony trichloride* 

Sb^Ogd- 6HCi=2SbGh + 3H,0 . 


The antimony pentoxidc, Sb^O^, is also soluble in cc/ncen- 
trated hydrochloric acid, forming antimony pcntachlorid(\ 

SbaGsd- 10HGI=2SbCl3+r>H,O* 


The tetroxide is, however, not soluble in <;vc*n hot con- 
trated hydrochloric acid. It is regarded as one of the sparingly 
soluble substances. 


The usual salts of antimony given arc oxides, and antimony 
sulphate or chloride. 

(( 2 ) Aniimonious Compounds, 

1. With water — ^Antimony salts are hydrolysed in presence jX 
of a large excess of water, first to a basic salt, and finally to oxide; 

they give white precipitates. 

SbCigd HaOv^SbOGi | + 2HC1, 

, _ 2Sb.O.01+HaO^Sb A +2HGi. 
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These precipitates are soluble in strong acids. 

2. slightly acidic solutions, hydro- 

gen sulphide gives flocculent orange-red precipitate of antimony 
sulphide " , ' ' 

2SbGl3+3H2S#SbaS3^ +HGL 

This reaction is reversible, as is seen from the fact that anti- 
mony sulphide is soluble in concentrated hydrochloric acid (1:1). 
In this respect it differs from arsenic. In order to ensure the com- 
plete precipitation of antimony, one has to dilute the solution 
repeatedly while passing hydrogen sulphide through it. 

(Do not dilute the solution from the beginning, otherwise the 
oxychlorides will be precipitated. Let the hydrogen sulphide pass 
through for sometime, and then dilute, and again pass the gas) . 

(a) Antimony sulphide is soluble in ordinary ammonium 
sulphide as well as in yellow ammonium sulphide. The reactions 
are similar to those of arsenic sulphide. 

Sb,S3+3(NH4).S=:2(NH,).SbS3, 

or SbaSg+S^^SbSs — . 

' Thus with ordinary ammonium sulphide, ammonkun thioan- 
timonite is formed. In yellow ammoniiun sulphide, there is an 
excess of sulphur, j^which converts [thioantimonite to thioanti- 
moniate. 

(NH,)3SbS3+S«(NH4)3SbS4. 

(b) When solutions of thioantimonite and thioantimoniate 
are acidified with dilute hydrochloric acid, antimony sulphide is 
again precipitated : 

2(NH4)3SbS3d-6HGI==6NH^Cl+Sb,S3+3H,S. 

(r) Antimony sulphide dissolves when heated with strong 
hydrochloric acid. 

SbgSs + 6HGM2SbGl3 + SH^S . 

(b) Antimonic Compounds. 

L With water — -White antimonic oxychloride is precipitated 
if a large excess of water is added to antimonic chloride solution : 

SbGi5+2Ha0^Sb02G4 +4HGL 

This precipitate is soluble in strong acids. 

^2. With hydrogen sulphide — ^Antimonic salts in fairly acid 
solutions give orange-red precipitate of a peiitasulphide : 

2SbCls+5H3S=Sb2S5 +iOHGL 
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{a) But when the pentasiilpbide is U'catcd with liol concen- 
trated hydrocliloric acid, it is the trichloiidc \\'!iich is formed and 
not the pcntachloridc, . 

Sb,S,+6HC!=2SlCJ,3d--3i:I.S+.2S. 

(/;) The pciitasulphide is soluble in errnnoiiiimi sulphide 
sedation, forming ammonium thioantirnoiiiate : 

SbA+3(^"H,)2£=«2(^d4,;,SbS4• 

Dilute hydrocltloric acid precipitates the pt.iUasulpliidc again 
from this solution. 

3. With plaiinum-’zinc couple — Zinc precipitates metallic anti- 
mony from antimony chloride solutions, I'lic reaction is usually 
done with zinc-platinum couple. In the loop of a platinum wire, 
a small piece of metal zinc is fastened, and held into the hyclrcchlcric 
acid solution of antimony chloride. Hydrogen (iiascr nt) is tvolved 
which displaces antimony from the salt and a black deposit of it 
is o]:)scrved on platinum wire : 

SbCl3+3E=Sb+3HCl, 
or Sb++++3H=:Sb+3H-. 

This is a sensitive and convenient test for antimony. 

4. With iron nails — (<j?)When antimony cldoride sfilution in 
concentrated hydrochloric acid is boiled along with an iron nail, 
metallic antimony is precipitated in black flakes (or po^vder) : 

Fe+3HC!^FeCl2+3H, ' 
SbCl3+3H^Sb+3HCl, 
or Sb+‘^++3H=:^Sb+3E+. 

(I) Filter out these flakes, and heat them u’itli concentrated 
nitric acid and tartaric acid. The metal will go into soluticjn. 
Nitric acid converts the metal into a trioxide( and a pentoxide). 

2Sb+2HNO,«2NO+HgO+S!)2<'>s 

This trioxide dissolves in tartaric acid, ffuming antimony 
hydrogen tartrate the potassium salt of which is tartar emetic 
{antimony potassium tartrate). 

Sb20a+2[(G00H) (GHOH). GOOH)], 

+2[(GOOH) (CH0H)^5 (COO.SbC))] . 

When the antimony tartrate solution is treated with hydre-gen 
sulphide gas, orange-red antimony sulphide is precipitated. 

5. Rkodamke B test — ^This test is specific for pentavalent 
antimony. Since usually the solutions contain trivaleiit antimony, 

they are first oxidised as follows : — 
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of the test solution oa the spot plate : add some 
crystals of sodium nitrite and one or two drops of strong hydrochlo- 
ric acid. When effervescence has ceased add a few drops of rhoda- 
mine B solution (0.01% solution) . A bright red or violet colour 
indicates the presence of antimony. 

This may also be utilised as a spot test. 

Insoluble Antimony oxide, 

Fusion with sodium The dry insoluble 

antimony tetroxide is taken on a small porcelain piece and mixed 
with three times as much of calcined sodium carbonate and an 
equal quantity of sulphur (1 : 3 : 3). The whole mass is .thoroughly 
fused, (It is better to perform the operation in a covered crucible). 
When the excess of sulphur has burnt and distilled off, the contents 
are allowed to cool. In this rea.ction, sodium thioantimoniate 
is formed. 

2Sb204+6Na2G03+23S=;=:4Na3SbS4+7S02+6G02. 

When this fused mass is acidified with an excess of dilute 
hydrochloric acid, hydrogen sulphide gas is evolved which can be 
tested either by smell or lead acetate paper (black stains), and 
antimonic sulphide is precipitated orange. 

2Na3SbS4+6HCl==Sb2S5 j +6NaGl+3H2S. 

Antimonic sulphide may also be confirmed by the reaction 
given in previous section. 

TIN i 

The salts usually given are stannous chloride, stamious oxide, 
stannic chloride and stannic sulphate. 

1. produces a brown precipitate of stannous 

sulphide, or yellow or yellowish-brown precipitate of stannic 
• sulphide':. : 

SnGU+H2S==SnS ^ +2HG1, 
SnGl4+2HoS=SnS2 j +4HGL 

Stannous sulphide is insoluble in ordinary ammonium sulphide, 
(NH 4 )sS, but it dissolves in the yellow ammonium sulphide, 
foi'ming ammonium thiostannate : 

SnS+(NH4)2S+S=(NH4)2SnS3. 

Stannic sulphide, however, dissolves in the ordinary ammo- 
nium sulphide forming the same thiostannate : 

SnS2+ (NH4),S- (NH4),SnS3. 
.SnS2+:S-r:='SnS3*-.. 


or 
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2* Stannous salts with chloride give a white precipitate 

of calomel or mercurous chloride. For the reaction, see Mercury. 

, ; . 3. Glow kst~Kll tin salts, and even the insoluble stannic 
oxide, SnOg, when treated with zinc, and strong hydrochloric 
acid for some time and the mixtee in action is stirred with a test 
tube filled with water, and this test tube brought near the Bunsen 
flame, give bluish fluorescence at the bottom surface of the test 
tube. The m-chanism' of the- reaction is not clear. The bluish 
fluorescenceds probably due to -the 'ignition of some hydride of tin.. 

This test may also be carried on a semi-micro scale. 

4. A very sensitive reaction is as follows Pireparc a borax 
bead, and fuse in it just a trace of copper (touch the bead with a tiny- 
crystal of copper sulphate, and fuse). The bead will be pale blue 
now. Fuse now in this bead a trace of the salt suspected to contain 
a tin compound. A transparent bead will be obtained, the colour 
of which will be ruby-red when cooled. 

This test is applicable to soluble and insoluble tin compounds. 

Spot test with cacothelin—l?la,cc a drop of cocothclin solution on 
a drop reaction paper, and slightly dry up the paper. Now place 
a drop of stannous salt solution in the centre of the spot. The 
appearance of a lavender colour indicates the presence of tin. The 
reagent solution should be fresh. 

If the salt is stannic, it should be reduced with zinc and hydro- 
chloric acid before applying the test* 

Sparingly Soluble Stannic Oxide. 

Dry reaction — {a) Test with borax-copper bead— a ruby red 
bead is obtained (see above). 

(^) ApP^y the glow test--*Treat it with zinc and dilute sul- 
phuric acid and see the glow on the bottom of a test tube (for 
details, see above). 

Fusion with sodium carbonate md sulphur — -The method is the same 
as used in the case of antimony tetroxide. Fuse the insoluble rcsidr.c 
with a mixture of sodium carbonate and sulphur (1:3:3), on a 
porcelain piece (preferably in a covered crucible). When fusion 
is complete, and ail excess sulphur burnt, take out the mass and 
cool it. Sodium thiostannate is formed ; 

2Sn02+2Na2G08+9S 
- -2Na2SnS3 + 

When this fused mass is acidified with dilute liydrocldoric 
acid, hydrogen sulphide isevolved, which is tested by smel 1 or acetate 
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paper^ aad staiiaic sulpliide is precipitated yellow. (It is usually 
accompauied witE a browa precipitate of stannous sulpEide also) , 

: Na2SnS3+2HG^^ 

Stannic sulphide may further be tested in the usual way. 

Chemistry of the Separation of the Second Group. ■ 

When hydrogen sulphide is passed through the solution of the 
given mixture in presence of dilute hydrochloric acid, the sulphides 
of mercury, lead, bismuth, copper, cadmium and also of arsenic, 
antimony and tin are precipitated according to the following typical 
reactions (R standing for Hg, Gu, Pb, and stannous); 

RGi2+H2S=RS+2HGl. 

2BiGl3+ 3H2S=-Bi2S3+ 6HG1. 

2AsGl3+3H2S==As2S3+6HGL 
SnGi4+2H2S=SnS2+ 4HCL 

The reactions of arsenic and antimony are similar. 

Use of yellow ammonium sulpkide~ThQ precipitated sulphides 
are digested with yeUow 3,mmomwca sulphide. The yellow ammo- 
nium sulphide is obtained by suspending sulphur in ammonium 
hydroxide solution and passing hydrogen sulphide* It contains 
more sulphur than the ordinary ammonium sulphide, (NHJaS, 
and has the general formula (NH4)2/Sx. It will be seen from the 
following reactions, that the yellow ammonium sulphide is preferred 
to the ordinary sulphide in order to dissolve stannous sulphide, 
SnS, also which is soluble in the former one alone. Stannic sulphide 
dissolves in ordinary also; in both cases, the soluble complex formed 
is (NH 4 )oSnS,. 

SnSoH (NH4)2S-(NH4)2SnS3. 

SnS + (NH4)2S:,-(NE[4)2SnS3+Gv~-2)S. 

Arsenious sulphide dissolves in ammonium sulphide as 
follows : (The reactions with antimony sulphides are also similar) . 

As2S3-h3(NPl4)2S-2(NH4)3AsS3. 

As2S5+3(NH4)2S-2(NH4)3AsS4. 

These thioarsenites and thioarsenates correspond to arsenates 
and arsenites in which oxygen has been replaced by sulphur. 

When treated with yellow ammonium sulphide, even the 
arsenious and antimonious compounds yield the higher compounds, 
thioarsenate and thioantimoniate. • . ' 
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The sulphides of mercury, lead, bismuth, copper and cadmium 
do not dissolve in ammonium sulphide. The)" arc thus separated 
by hitration. They form the “Copper Group. 

Arsenic Group — The filtrate consisting of the Arsenic Group is 
treated with dilute hydrochloric acid in excess, tlie tliio-salts are 
decomposed giving back the sulphides, As.Ss, Sb^Sr, and SnS^; some 
sulphur is also precipitated from the excess of the yellow ammonium 
sulphide: 

(NHJ +2HG1- 2NH^C1+ H^S + {x-- 1 ) S, 

2(NHj3AsS4+6HGl=^6NH,GiH--As2S5+3H2S. 

The reactions with other thiosalts are also similar. 

When the mixture of arsenic, antimony and tin (and also 
sulphur) is treated with strong hydrociiloric acid, antimony and 
tin go into the solution as chlorides, but the arsenic and sulphur 
remain undissoived. 

Sb2S5+6HCl-2SbC4+ 3HoS+2S. 

SnS2+4HGl-SnGl4+H5>S. 

They are further confirmed' by the tests already given. With 
iron and hydrochloiic acid, the stannic salts arc reduced to stannous, 
and antimony chloride is reduced to metallic antimony : 

' SbGls-f BH=Sb+3HGL 
SnGl44 2H-:SnGh+2HGI. 

Stannous chloride with mercuric chloride gives a precipitate 
of calomel, and finally of grey mercury : 

SnCIg + 2HgCI^ =: SnCl4 + Hg,C!, . 

Hg2Gl2+SnC!2=SnCl4+2Hg. 

Antimony is dissolved in nitric acid and tartaric acid and 
reprecipitated as sulphide by hydrogen sulphide. 

Antimony and tin may also be separated by taking advantage 
of the fact that the antimony sulphide can be precipitated from 
solutions containing oxalic acid while tin sulphide cannot be preci- 
pitated from such solutions on passing hydrogen sulphide, because 
of the formation of a tin complex. The mixed acidic solution of 
the two chlorides is made just alkaline with ammonia and a fe^v 
grams of solid oxalic acid added. Tin ions form a complex, and 
when hydrogen sulphide is passed, it is only antimony whicli 
is precipitated as an orange sulplxide . The precipitate is filtered off. 

The filtrate is now made alkaline and then acidified with ac e tic 
acid. 'On passing hydrogen sulphide, tin is also precipitated as 
sulphide* 
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precipitate left mdiss in yellow ammo- 
niiim . sulphide . Gonsists of 

HgS, PbS, Bi2S35 GuS and GdS. 

W this precipitate is treated with about 33 % HNOg all 
sulphides except that of mercury dissolve forming nitrates (Me ^Pb, 
Cu or Gd), . . . 

8MeS +8HNO3 = 3 Me (NOg) 2 + 2 NO + 4H3O + 3 S. 

V ; :: Bi2Sg.+8HiW3=2Bi(N03)3.+2NO+4HsO+3Sy 

The residue of HgS left is dissolved in aqua regia and tested 
with SnCL or copper foil, the reactions for which are given along 
with the First Group: 

HgS%2HGl+0-HgGi2+4H30+S. 

Theory of Sulphide Precipitation, 

The primary and secondary ionization constants [for hydrogen 
sulphide are shown by the equations: — ^ 

(i) 

HS-^H++S“- (ii) 

[H+]X[HS-] 

-Ki=0.91xl0-’ (i) 

[H^S] 

[H+] [S=] 

=K.= 1.2xlO-i«. . (li) 

[HS-] 

Multiplying (i) and (ii) we get 

[H+]2x[S“] 

=KiXK 2=1.1 XlO -22 

[H^S] 

If the solution is kept saturated with H^S, which is the case, 
during analysis, the concentration of HjS is O'l M. 

[H +32 X [S=3 = [H,S] X 1 . 1 X 10-22 
=0-1 XMX 10-23=1-1 X 10-22 
1-lX 10-22 

[§“■]= . This is an important quantity. 

[H+]2.. 

Hence, if we want to vaiy the concentration of sulphide ions, 
we have got to vary [H’-] in the reverse order hr., if we want to 
increase the sulphide ion concentration, [S=], %s-c ought to decrease 
the hydrogen ion concentration, [H+J, and vice versa. 
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^Now in acidic soliitions,(asinthe 'Second Group), the' concen- 
tration of ions is large so that the concentmtion of sulphide ions 
is very small raid only those sulphides are precipitated, the solubility 
products of which are 'small. ■■SuchsulphidesareHgS^.GuSjBi.^Sg,; 
PbS, GdS, As^Sg, Sb^Sg, SnSj' and SnSa., Others leiimin in solution. 
The sulphides of iron, zinc, manganese, nickel and cobalt' are not 
precipitated 'as their solubility products are very large and. this 
small concentration of sulphide ions is not enough to precipitate 
them. CdS has an intermediate solubility product so that if there 
is too much of the acid, it is not precipitated. This is the reason, 
why it is generally precipitated after dilution* 

If HsS, is passed, into a neuti-al salt soluticn of Fe, Zn, Mn, Ni 
or Co, these metals are partially precipitated as sulphides, because 
the reaction is never complete as the acid liberated in the reaction 
(ZnGl2+H2vS=ZnS -r2HGl) lowers the concentration of the sub 
phide ions so that the product [Me] X [S] is not able to exceed the 
solubility products of these sulphides. Hence, the precipitation 
stops. If, however, HaS is passed in solutions of these salts in 
presence of some alkali (say NH4OH), the concentration of FH ions 
is considerably throim dowm with the result that the concentra- 
tion of the sulphide ions, [S“], increase so much that the product 
[Me] X [S] exceeds the solubility product of the sulphides of Fe^ 
Zn, Mn, Ni or Co and they are precipitated. This is exactly 
what happens in the Fourth Group when the sulphides of Zn, Mn, 
Ni and Go are precipitated by H2S in presence of NH 4 OH, 

Thus we find that sulphides, having low solubility products 
are precipitated in acid medium ^.^.5 FJgS, PbS, CuS; sulphides 
having very high solubility are precipitated in the alkaline medium 
e.g,, ZnS, MnS, CoS, NiS; and the sulphides having intermediate 
solubility products, neither too low nor too high, are precipita- 
ted in very dilute acid solutions, GdS. 

It is also evident that sulphides having iow^ solubility products 
can be precipitated in alkaline solutions, but those having high solu- 
bility products cannot be precipitated from acid solutions. 

■ 3 . ' ' Metals ■ of the TMrd Group 
IRON 

The salts usually given ai^e ferrous sulphate, ferrous ])hospliate> 
ferrous oxalate, ferric oxide (soluble and insoluble), ferric alum, 
ferric chloride and nitrate and ferric phosphate. 

1 . Ferrous salts are changed to ferric when heated with 
concentrated nitric acid. 

2FeS04+H2S04+0=Fe2(S04),+H20. A ' 



THIRD GROUP 



m 

2. Ferric salts are reduced to ferrous, when sulphide 

gas is passed through the solution in the Second Group; sulphur is 
'precipitated 

2FeCl3+H2S=2FeCh+2HCl+S, 

or 

2Fe++-^*+S-=2Fe+++S. 

3. Ferrous salts absorb nitric oxide from nitric acid, and 
give brown colour of 2FeS04. NO, a reaction which is utilised in 
the ring test of nitrates. 

2KNO3 + 4H2SO4 + 6FeS04 

=K2S04+2N0+3Fe2(S04)H"4H,^^ 
2FeS04+N0=2FeS04 . NO. 

4. If hydrogen sulphide is passed through a ferric or ferrous salt 
in arnmoniacal solution, black precipitate of ferrous sulphide is 
obtained. 

FeS04+H2S+2NH40H=FeS+(NH4),S04+2H,0. 

The precipitate is soluble in acids, A ferric salt is reduced 
to ferrous (equation 2), and then ferrous sulphide is precipitated; 

5. A ferrous salt wdth potassium ferricyanide solution gives a 
deep blue colour (or precipitate] of Turnbull’s blue, ferrous ferricya- 
Hide: 

3FeS04+2K3Fe(GN)6=Fe3[Fe(CN)e] -f 3K2SO4, 

This reaction is utilised in the titration of ferrous aromoniinn 
sulphate 'with potassium dichromate, in which potassium ferricya- 
nidc is used as an external indicator, Dichrcmate is I'educed to 
a chromium salt, 

IC.Gr,07+4H.S04===K2S04,+ -!-4FI,0+ 30. 

2FeS04+H3S0440-Fe2(S0,),+B.0. ■ ' 

K,Cr20^+7H2S04+6FeS04.-K2S04+Gr3(S^^^ 

+ 3Fe2(S04)a. 

or Gr20r+ 14H'^ +6Fe+'+:==='2 + 6Fe-'^-^+ 71i,0. 

6. Ammonium hydroxide solution with ferric salt solution gives 
a reddish-brown precipitate of ferric hydroxide or hydrous ferric 
oxide, 

or Fe+'H-430H-=Fe(0H)2. 
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The precipitate is soluble in acids, even in dilute nitric acid, 
(Gf. Mn(OH),] : 

: Fe(0H)3+3HNG,=Fe(N0,), + 3H,0. 

The precipitate of ferric hydroxide on ignition gives ferric 
oxide : ' " 'I 

2Fe (OH) 8 = Fe/:). + 3H.O. 

7. A ferric salt with potassium ferrocyanide solution gives a 
precipitate of prussian blue : 

4FeGh + 3K4FC (GN)s= Fe [FeCCN)^];, + i 2KCL 

8. A ferric salt with potassium thiocyanate gives an intense 
blood-red colouration of ferric thiocyanate: 

Fe.(S04)3+6KGNS-2Fe(GNS)8+3K3S04. 

The colour was formerly believed to be due to the formation 
of non-ionised Fe (CNS)3 molecules but is now to be due to a complex 
ferri-thiocyanate cation, lFe(SGN)6l which is more soluble in 
ether and in amyl alcohol than in water (wiieii shaken with these 
solvents, the red colour passes to the organic layer). 

For this reason, ferric alum is utilised as an indicator in 
AgNOs — KGNS titrations. 

9 . A ferric salt with sodiim acetate give s a reddish-brown colour, | 
which disappears in presence of mineral acids. The test is doj^ 
in neutral (test for acetate), or feebly acidic mexiiiim (see 

tion of phosphates) : ^ 

FeCl3+3CaGOONa=(GH3COO),Fe+3NaGI. ^ 

On bailing the solution, iron is precipitated as basic ferric 
acetate : 

(GH3G00)3Fe+2H30-= (GH3GOO) . Fe(OFl). +2CH3GOOH. 

10. Spot test with sidpko salicylic acid : 

The reagent is very sensitive, and is used as a 5% solution. 

Place a drop of the reagent on the drop-reaction paper, and 
add a drop of the test solution. A violet colour indicates the 
presence of iron. This test is specific, for no oilier ions of Groups 
III and IV interfere. 

.'chromium 

The usual salts given are chrome alum, soluble (green) and 
insoluble (violet) chromic chloride, insoluble and soluble chromic 
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sulphate, insoluble chromic oxide >. and potassium chromate or 
dichromate. 

Chromates and diclm^^ Chromates are neutral to litmus 

while dichromates are acidic. ( b) Solution of dichr ornate s evolve 
carbon dioxide from carbonates. 

Chromates when acidified with acids are converted to dich- 
romates. 

2KaCr04+H,S04-K.Cr30dK2S04+H,0, ^ ' 

' '■2Gr04-+2H+==Gr,0^ 

Conversely, the dichromates are changed to chromates on 
addition of alkali : 

K2CraQ7+2K0H-2K,Cr0d-H,0, 
or Cr,07-+20H-=2Gr04-+H,0. 

Reaction^ 

L A solution of potassium dichromate is reduced to a chro- 
mium salt by {i) passing hydrogen sulphide through the solution; 
{ii) passing sulphur dioxide through the solution ; (m) adding ferrous 
salt to the solution, and adding alcohol to the solution. The 
potential equation is : 

KaCrsOv^KsO+CrsOg+SO, 

KaCr.Ov +4H2S0,==K2S04-f Cr3(S04)3+4H,0 4 30. 

. The reactions are utilised in ferrous sulphate titration, in the 
btest of sulphites, and in the gravimetric estimation of chromium 
(ferrous sulphate is oxidised to ferric sulphate, sulphurous acid to 
Sulphuric acid, and alcohol to aldehyde.) 

2. A chromic salt solution with or caustic 

soda solution gives a bluish or whitish green precipitate of hydrous 
chromic oxide.' • 

GrGl3+3NH40H==Gr(0H)a4 +3NH4GI, 
GrGl3+3NaOH=Gr(OH)3 1 +3NaGi, 
or Cr++++30H-=:Cr(0H)g. 

The fresh precipitate is, however, partly soluble in an excess 
of a strong solution of caustic soda, forming sodium chromite : 

Gr (0H)3+ 3NaOH=Cr(ONa)3 + SH^O. 

The equation is reversed on boiling. 

3. Chromic salt, in presence of ammonia^ gives a precipitate 
of chromium hydroxide, which does not change to sulphide on 
passing hydrogen sulphide. 



44 


ANALYTICAL CHEMISTRY 


4. A chromium salt solutiottj when boiled with caustic soda 
and bromme water, is changed to a yellow chromate solution. 

Bra+2Na0H-Na0Br+H20, 

'' 2Gr(0H)s+3NaOBr+4NaOH=-2Na,CrO4+3N^ , 

Sodium peroxide may be used in place of bromine water. 

2Cr(0H)3 + 3Na,02-2Na2Gr04+2H20+2Na0H;;^, 

5* A dry chromium salt, even the insoluble chromic oxide, ' 
chromic sulphate and violet chromic chloride, when fused 'with'^ 
sodium carbonate and potassium 7ii irate ogives a yellow mass of sodium 
or potassium chromate : 

Cr.O,-f 3KN03+2Na,C0« ■ ■ 

, -2Na2Cr04+3KN0,+2GQ,; ■ 

The yellow mass is soluble in acetic acid, and gives a yellow 
precipitate of lead chromate with lead acetate : 

Na,Cr04+(GH3C00),Pb=:=PbCr04+2CH3C00Na- 
Reactions with chromates 

[a) We have already said that a chromate solution is reduced 
by hydrogen sulphide or sulphur dioxide, in acidic solutions. 

Cr20y---4-14H+4.3S==2Gr++*^ + 7H,0^f 
Cr20r+BFF+-3S0a'^-'^-2Gr-+++3S04-^i 

{b) In neutral solutions, silver nitrate gives a red precipitate 
soluble in nitric acid. 

: 2Ag-f Cr04-=.Ag.Cr04 . 

(c) Lead acetate or barium chloride gives a yellow precipitate 
insoluble in acetic acid, but soluble in mineral acids* 

Ba+*H~GrO4-=.-BaCr0a • 

(ri) Chromates (or dichromales) in presence of dilute sul- 
phuric acid and hydrogen peroxide give blue pctchmmic acid, CrOg, 
which when shaken with ether passes to the ethereal layer. 

HoCrP^ +4H20o^2Cr05 + 5H,0 

The test may be done on a spot-plate too. 

■ {e) ^ Prepare a one per cent solution of diphenylamim in strong 
sulphuric acid. This, when added to a chromate solution, gives 
intense blue colour of phenyiene blue* The reaction is used in 
volumetric estimations. 
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I ALUMINIUM 

The usual salts given are chloridc j nitrate vsulphate and potash 
I alum. The ignited oxide, Al^Os:, is given as insoluble* 

1. A soluble aluminium salt gives with ammonium f^fdroxide 
a white gelatinous precipitate of aluminium hydroxide : 

■V,;:' aigi3+nh40h==ai(oh)3+3NH4G^ 
or Af^++4-30H-=Al(0H)3.V 

(a) The precipitate is soluble in mineral acids: 

Al(0H),+3HN0a=-Al(N03)3+3H,0/ 

or AI(0H)3 + 3H+==A1++^^^^^ 

(b) The precipitate also dissolves in an excess of caustic soda 
solution, forming sodium aluminate : 

Al(0H)3+Na0H=:NaA103+2H30, 
or AI(0H)3+0H~=A10r+2H30* 

The aluninate is decomposed to aluminium ' hydroxide when 
heated with a solution of ammonium chloride : 

NaAi02+H30+NH4Gl=Al(0H)3+NaGl+NH3. 

\ The decomposition may be also accomplished by adding 

^ excess of nitric acid to the alkaline solution of the aluminate, heat- 

ing, and finally adding ammonium hydroxide* solution : 

NaA102+4HN03= Ai(N03)3 +NaN03 + 2 H 2 O, 

Al(N03)3+3NH40H==Ai(0H)3 4 +3NH4NO3. 

2. Test with aluminon — ‘‘‘Aluminon” is the trade name for 
the amihonium salt of aurin tricarboxylic acid, G22H14O9. To a 
slightly acidic solution of the ammonium salt, add a few ml. of a 
dilute ammonium acetate and an equal voiunre of OT per cent 
aqueous solution of the reagent. Make the solution ammoniacal 
with ammonia and ammonium carbonate solutions. A bright red 
precipitate is obtained. 

3. Spot test with alizarine (or alzannC’-S) — Impx'egnate a strip 
of filter paper with an alcoholic solution of alizarine (or aqueous 
solution of alizarinc'S) ; and a drop of the test solution, and expose 
to ammonia vapours. A biught red lake will be formed. 

Alizarine-’S is socllurn a-iza^'ine siiiphoriatc. 
f ' dicnaistry of tlie Separation of the Metals of the Third^Groop* 

Use of nitric add— The solubility product o f ferrous hydroxide 
is more than that of the/^^rrfe, and hence, it is desira]>le to precipitate 
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iron du% ferric hydroxide^ rather than 'Hiis is accomplished 

by oxidising ferrous salt to ferric state with nitric acid. Ferrous 
hydroxide, like magnesium hydroxide, is markedly soluble if the 
precipitation is effected by ammonium hydroxide in presence of 
mnmonimi chloride. 

Use of ammonium chloride — ‘Ammonium chloride prevents the 
precipitation of the metals of the subsequent groups in the Third 
Group. If ammonium chloride is not added along with ammonium 
hydroxide, the precipitate obtained in tliclhird Group is not only 
of the hydroxides of iron, chromium and aluminium, but may 
consist of the hydroxides of zinc, cobalt, and magnesium also. 
The function of ammonium chloride may be followed on the basis 
of the following considerations 

{a) The solubility product of the hydroxides of the metal 
falls into three groups : — ^{i) hydroxides of very small solubility 
products, as of iron (ir), chromium and aluminium, (ii) hydroxides 
of moderately high solubility product,— as of zinc, ferrous, cobalt, 
nickel and magnesium, and {Hi) hydroxides of high solubility pro- 
duel, — as of calcium, strontium and barmm. 

The hydroxides of the group {Hi) {Le,, calcium etc.) are not 
pr'ccipitated even in presence of high concentration of hydroxyl 
ions. The precipitation of the hydroxides of group {ii) can only 
be prevented if the hydroxyl ion concentration is markedly dec- 
reased* The hydroxyl ion concentration, as available from the 
dissociation of ammonium hydroxide solution is pretty high, so 
much so, that unless ammonium chloride is added, the solubility 
product of the hydroxides of gi'oup {ii) like magnesium, is easily 
reached and they are precipitated. The hydroxides of iron, chro- 
mium and aluminium can be precipitated even with such con- 
centration of hydroxyl ions, as are available from t!ie solution of 
ammonia, buffered with ammonium chloride. 

Ammonium hydroxide is a weak alkali which dissociates in 
the following way ; 

;nh 40 .h^nh 4 ++oh- 

and the degree of dissociation depends upon the Following con- 
dition : 

— constant). =4 8x 

The bracketted quantities denote the corresponding concen- 
trations. Ammonium chloride is, however, a siron<f electrolyte, 
being a salt of strong acid, and is almost completely dissociated as : 
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It is evident, therefore^ ^ if ammonium chloride is added to 
ammonium hydroxide solution, the ammonium ion coneentration 
is markedly increased. Now we have to maintain a constant 
value of K, the dissociation constant, and this can only happen 
when the concentration of OH-ions is correspondingly decreased, 
llius the addition of ammonium chloride decreases the hydroxyl 
ion concentration of ammonium hydroxide to such, an extent that 
the hydroxides of magnesium, zinc etc., are not precipitated. The 
decreased hydroxyl ion concentration is still sufficient to precipitate 
the hydroxides of iron, chromium and aluminium. 

Example— w-ould be the fall in OH-ion concentration 
of ammonia solution (OT M) on adding 0*5 gram-moL (26*75g.) 
of ammonium chloride to cue litre cf the solution? 

Dissociation constant of ammonia is TGxlC"®, 

[NH,+] roH-i 


3 


LiNH^OHJ 
In 0*1 M ammonia solution let t 


=rOK~] be aqua! to ^, and [NHpH] 


i*8xl0-> 

e conccn-rat oh [NH4+] 
1- 


iU 


, since v=10 


liters. 


Then 

[NH4+] [OHy]=r--T8x i0-5x[NH4OH] 


a a 

10^10 


= 1-8x10-® 


(1-a) 


( 1 - 


10 

1-8X 10-®(l-d) 

, io6~ 10 - ^ O 

a =v'(l‘8xlO-5xlC)=0-0134 

a) is veiy nearly equal to 1, since a i^ very small, 
a=r0*0134 

I~~0*0134 


[NH4^]=[OH-]==0-00134, and tNH40H] 
=0-0C866 


10 


when 0‘5M- ammonium chloride is added, which being a strong 
electrolyte is completely ionized, ammonium ions are almost ail 
derived from it, and [NH4'^]=0’5, , and almost the whole of 
NH4OH i5 undissociated, i.e. [NH4OH]=0-l. Let the concen- 
tration of new OH” be a'/ 10, then 
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INH 4 +I rOH-1_ O-«Xa710 

NH4OH] 

whence a'=3‘6xlO“® 


I'SxlO-® 


I 

‘ 


' Mallei Thus the concentration of OH‘"lor.s J 

has fallen from 0*00134 O’ 0000036. 


(5) With some of the metals, ammoiiium chloride forms such ' 
soluble complex salts from which the metal is not precipitated as > 
.hydroxide, e.g., Ni(NH 3 )eGh and GI^, or Mg (NH4)GL ■; 

and Zn(NHJC! 3 . i 

(r) Ammonium chloride is useful in another respect also. 
Being a strong electrolyte, it readily coagulates the colloidal hy- 
droxides of chromium and aluminium, which have otherwise a 
marked tendency to pass into the colloidal form. 


Interfering acids — There are certain acid radicals which interfere 
in the proper gi'oup separation of the analysis. These acid radicals 
are oxalate, fluoride phosphate and also borate. These acid i 
radicals interfere in the sense that when they are present, the preci- ‘ 
pitate appearing in the Third Group does not necessarily consist of ^ 
hydroxide (or oxalate, phosphate etc.) of the members of the Third 
Group only, but may consist of the oxalates, fluorides or phosphates 
of the members of the subsequent gi'oups, as zinc, calcium, mag- 
nesium, etc. The latter are also precipitated, as soon as the solution 
becomes alkaline on the addition of ammonia. Whenever such ^ 
interfering acid radicals are present, they ought to be eliminated 
first before proceeding for the regular group analysis. Ihese 
acids do not interfere, so long as the medium is acidic up to ; 
the Second Group). 


Elimination of oxalates or any other organic matter — It Is not 
necessary to remove the organic matter until after the precipitation i' 
of the Second Group. Large quantities of tartaric and oxalic acids j 
interfere, however, with the precipitation of tin. If tin is present, - 
one ought so remove these acids before passing hydrogen sulphide. 
The organic matter is removed if the solution Is evaporated to 
dryness and strongly ignited on a porcelain piece. The organic 
matter chars, and the oxalates (which do not cliar) arc converted 
into oxides and carbonates : 

GaC, 04 =:GaC 03 +G 0 , j 

CaGOs^GaO+GOa. 

The oxalates are also oxidised when they are treated in sr.lu- 
tion with aqua regia or a mixture of concentrated hydroddoric 

acid and potassium chlorate : 

GaG,04+2HGl+0=-CaCh+Ha0+2C02. i; 
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It should be remembered that salts of mercury , arsenic or 
antimoay are volatile and if they are present, the mixture cannot 
be subjected to ignition unless they are removed. 

In such cases, the entire precipitate of the Third Group is taken 
and ignited, or the oxalates in the original mixture are oxidised by 
concentrated hydrochloric acid and potassium chlorate over a 
water bath. A quantity of about 1 gram of chlorate would be 
necessary, which is added in lots every five minutes. 

Elimination of fluorides and hoTates---tYh.Q fluorides and borates 
are eiiminated either in the original mixture or in the precipitate 
appearing in the Third Group. The mixture is evaporated to 
dryness along with concentrated hydrochloric acid. The more 
volatile hydrofluoric acid is thus displaced : 

On repeating the process a number of times, boric acid 
is also volatilised along with steam, slowly but completely; 

Ca (BO,) 2 + 2HCi= GaCl, +2HBO, . 
2HB0,=B,08+H,0. 

Elimination of phosphates — ^So long as the medium is acidic, 
all the phosphates remain in solution, but when it becomes alkaline 
on the addition of ammonia, as in the Third Group, not only the 
phosphates of the Iron Group but also of the subsequent groups 
are precipitated. It is not necessary that they were given as phos- 
phates in the initial mixture. A mixture originally consisting of 
sodium phosphate, Na 2 HP 04 , and a calcium salt, would also 
precipitate out as calciiun phosphate in the Iron Group. 

Na,HP 04 +GaCh==GaHP 044 +2NaGl. 

There are three groups of phosphates, (?*) one with Very high 
solubility products as sodium or ammonium phosphate; they are 
not precipitated in any medium; {ii) one with moderately high 
solubility products as of zinc and calcium; they are precipitated 
only in alkaline medium; {Hi) one with fairly small solubility pro- 
duct as of iron, aluminium and chromium which are precipitated 
not only in alkaline medium, but also in feebly acidic medium (the 
buffered medium of sodium acetate and acetic acid) , 

It can easily be shown on the basis of ionic theory, that much 
less phosphate ions are available from phosphoidc acid, if the medium 
is acidic, and more phosphate ions are available as the acidity 
decreases. The acid has the first stage ionisation as follows 

[H+][H,POr] 

(a 'Constant) '=7* 52 X 10"*^ 


for which 


[H.PO4] 
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The comlitian specifies, that as the concentration of H+ ' | 
increases, the concentration of H2p04“ would *fali down and me | 
mrsa. Thus : ' I 

(i) if the medium is highly acidic (as in presence of HC!) — 

very few phosphate ions are available, — no phosphates | 
are precipitated, i 

(ii) if^the medium is 'fairly acidic (as in presence of acetic ? 
acid alone) — relatively more phosphate ions are availa“ 
blc, yet insufficient to precipitate the pliosphates of the 
Iron Group. 

{Hi) if the medium is of buffered sodium acetate and acetic 
acid, more phosphate ions are available quite sufficient 
to precipitate the phosphates of the Iron Group, but still 
insufficient to precipitate the phosphates of the subse- 
quent groups. 

(iv) if the medium is ammoniacal— much more phosphate 
ions arc available, quite sufficient to precipitate the 
phosphates of Zinc, Calcium and Magnesium Groups. 

From this it would be clear that if we clioose a buffered 
medium of sodium acetate and acetic acid, tlic ^phosphates of the 
members of Zinc and subsequent Groups rwould be held in solution, 
but for the analysis of these groups, the mediuni has to be again 
made ammoniacal, and therefore, it is necessary to eliminate phos- 
phates by a suitable method. This method consists of addition 1 
of ferric chloride solution in the buffered solution of sodium aceUite 
.'.• '. and acetic acid. . . As ferric phosphate i.s insoluble in this medium, 
ferric ions from ferric chloride would combine with almost all the 
phosphate ions of the solution, and come down as a precipitate* 
Ferric chloride has to be added to the requisite extent only, because 
the excess of ferric chloride peptises the ferric phosphate precipitate, 
which again passes to the colloidal state. 

How sodium acetate decreases the acidity of acetic acid is 
seen from the following considerations : — 

Acetic acid, a weak acid, dissociates in the s<:>lution as follows : 

(a constant) = PS2 x 1 

Sodium acetate is a strong electrolyte, which almost complete- ^ 


CH3COONa=Na+ +CH,COO-. 
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When a mixture of the two is taken, acetate ions are considerably 
increased, with the result, that to maintain the value of K as cons- 
tant, the number of ions decreases. Less the hydrogen ions in 
a medium, the less is the acidity. 

Sodium acetate helps in another way also; it indicates the 
extent to which ferric chloride has to be added. _ With a free ferric 
ion it gives brownish-red colour. When the mixture assumes the 
colour of the prepared tea, the adition of ferric chloride has to be 
stopped. 

Example. O'l gram. mol. (8-20 grams) of anhydrous^ sodium 
acetate has been added to , 1 litre of 0- 1 mol. acetic acid . Calculate 
the fall of degree of ionisation of acetic acid, 

[GH3COOitH+]_ _ 

' [GHsGOOH] (T-^a)» 

(if a is small compared to unity) . 

For O’l mol. of acetic acid, r=10 


K = 


:1-8=X10-® 


10 


whence 


= 1-82x10-5 

a=V(l-82Xl0-5xlO)=O-O135 


Thus in 0-1 mol. acetic acid, [H+]=[CH3GOO-]=0-O135 and 
[GHbGOOH] = 1 -0-01 35 =0-0986. 

When 0-1 gram. mol. sodium acetate has been added which 
is a strong electrolyte and ]is completely ionised, acetate ion 
concertration is 0- 1 gram-mol. In presence of Na-acetate, acetic 
acid is ionised to a small extent only. Let it be ionised to a' extent. 


tCHgCOO-] =0- 1 ; [GHjGOOH] = 0- 1 

. tCH 3 COO-]tH+] _0-l x[H+l_0-lx0-la' 
• • “iGHsCOOH] ^ 0-1 " “ 

whence a'=T82xl0~* 


0-1 


=1-82x10-5 




1*82x10-^ 
iO " 


= l*82xl0-s 


Thus the value of a has falien from 0“()i35 (or i‘35%) to 1’82 
XiO"^ (or 0*0182%). The H"** ion concentration has fallen 
from 0*0135 to 0*0000182. 

Treatment of the mixed precipitates of the Third Group after eliminating 
interfering acids — The precipitates consist of the hydroxides (or 
even phosphates) of iron, chromiumiand aluminitim* The mixed 
precipitates are treated with 'caustic soda and. bromine water or 
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caustic soda and sodium peroxidcj the potential oxidation rcac- 

NaOH -f Br, ==: NaOBr + HBr « NaEr 4' HBr + O . 

Naa0a+H,0.-.2Na0H-i O. 

Tlie available oxygen oxidises chromium hydroxide to yellow 
soluble sodium chromate : ■ ' 

2Cr (0H)34.4Na0H+30-=2Na,CrC;\+5H20. 

.4 2Cr' ;(0H},440H-4-^30==2Cr04-+5H^ ' 4 ;; 

The caustic alkali simultaneously converts taiumiriiiun hy- 
droxide to sodium aluminate : 

^ ; Al(0H),4“Na0H=^NaAI0,+2H,0. ' V"' 

If chromium be absent, only caustic soda would do for 
aluminium, and no bromine water has to be added. 

Chromium and aluminiunr, forming soluble chromate and 
aluminate, pass into the filtrate, and the residue contains the 
hydrous oxides of manganese and iron. VVlicn treated with dilute 
nitric acid, iron oxide dissolves, forming ferric nitrate but the 
manganese oxide remains as the insoluble residue : 

'■'^I^(OH)34~3HNO,=-'Fe(NOa)3+3H^ 

Iron is tested by potassium ferrocyanide test, and manganese 
by the manganate test (fusion with KNO» and sodium carbonate), 

Mn(OH), +Na,C 03 + 20 =^^.Na«Mn 04 GO,-f HaO. 

or 

' ■ 44 ; 4 ' 

=NaaMn044-2KN0a -r-Na^SO^ 200^, 

The green mass, when dissolved in an acifi, gives a pink 
colour of sodium permanganate: 

. “ 3Na.Mn04+4HCl=2NaMriC;)4+/Mri(:)(C)H)^ * 

,,.,,,,,,Jodium.:alumiimte.Breaks,mp.,.,.to..:ai^ when^..:... 

heated with ammonium chloride (or with iihric acid and then 

:).ammonia solution), and'Chramate.'is,.4estcd,,,wdtli.,..,lcadTiceiate,.' after 

.Aharoughly,acid,ifying,, with.. acetic .acid. , ..The reactions have xilready 

' been "given."' 
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FOURTH GROUP 

4. Metals of the Foiarth Group 
ZINC ■ ■ 

The substances usualiy given are zinc sulphate, chloride, 
phosphate, carbonate, nitrate, bromide and oxide. 

1 . A zinc salt solution, when treated with mmnoiiium hydroxide^ 
gives a pi'ecipitate of zinc hydroxide, but the precipitate is soluble 
in presence of ammonium chloride : 

ZnGl.+2NHpH^Zn(OH)a ^ +2NH4CL 
or . ' Zn++A20H--Zn(0H^ : 

2. A zinc salt gives a precipitate of zinc carbonate, basic 
carbonate, or hydroxide, when treated with sodium carbonate 
solution. The precipitate is soluble in an excess of the alkali solution. 

ZnCb +NaaG03 = ZnGOa + 2NaGl. 

3. The precipitate of zinc hydroxide dissolves in caustic alkali 
solution, forming sodium ziacate : 

Zn(0H),+2Na0H=Zn(0Na),+2H,0, 

Zn(0H),+20H-=Zn0r+2H20. 

4. Wlien hydrogen sulphide is passed through a soluble 
zinc salt in neutral or alkaline medium, and even through sodiimi 
zincate, a white precipitate of zinc sulphide is formed. 

The precipitate is soluble in mineral acids, but 7iot in acetic 
acid (cf. MnS). 

ZuCb + (NH,),S=ZnS | +2NH4GI, 

Zn++ + S-=ZnS.!, , 

Zri(ONa)r'hH,S=ZnS i +2NaOH. 

5. The precipitates of zinc hydroxide or carbonate when 
ignited strr>ngly, leave zinc oxide, which assumes yellow tint while 
hot, but white when cold. 

ZnCO,-=ZnO + CO„ 
Zn(0H)2==Zn0+H,0. 

The reaction is utilized in gravimetric estimation of zinc as 
oxide. ' ' 

Zinc oxide is readily reduced to metallic zinc by the carbon 
of the filter paper during incineration : 

ZnO+C-=Zn+GQf' : 


The metal zinc is volatile at the temperature of the Bunsen 
flame. To prevent the loss thus incurred, the filter paper is soaked 
with a strong solution of ammonium nitrate, which acts as an 
oxidising agent: , 

■ : ■NH 4 N 03 +G-=N.+ CO+ 2 HsO. 

6 . RinmajirCs greeti test — Saturate a piece of filter paper with 
the solution of zinc salt and a very small amoun.t of cobalt nitrate 
plution. Wrap the filter paper around a platium wire (or place 
it in a crucible), and incinerate it until nothing but a light ash 
remains. If the ash is coloured bright green, zinc is indicated. 
Cobalt zincate, CoZnOs, is formed in the reaction. 

7, Orange IV spot test — To a drop of Orange IV acidified 
with a drop of dilute suiphuidc acid (1 :24) in a test tube, add 
3*5 dropsofa 2 percent solution of K3Fe(CN)6. A red colour is pro- 
duced. Now add a drop of the zinc solution. A green coloration 
indicates the presence of zinc. 

MANGANESE'.' ... ' ' 

. ' The .salts xisually .^given.'-are- .chloride, mlphate,, 

nitrate, carbonate, oxalate and phosphate and also the oxides, and 
'/permanganate*: .The' permanganates are reduced to a manganese 
salt when hydrogen sulphide is passed through the solution in the 
Second Group. 

2KMn04+5H,S+3H2S04==:KaS04+2MiiS04+8H,0+5S, 
or 2MnOr + 1 6H+ + 5S-=2Mn^-'^“ +8HaO + 5S. 

1 . A managanese compound, whether oxide or a salt when 
fused with sodium carbonate and potassium nitrate (or chlf.>ratc) m 
the oxidising flame gives a deep green mass of sodium manganatc : 

Mn0a+Na2G03+ 0=-NaaMn04+G0*. 

This mass when acidified with dilute sulphuric acid, gives 
■ a rose-red coloration on account of the formation of permanganate : 

3Na2Mn04+2H.S04=2NaMii04+Mn0 (OH)*+ 

2Na^S04+H30. 

2. A managanese salt in ammoniacal solution gives a flesh 
coloured precipitate of .manganous sulphide when treated with 
hydrogen sulphide : 

MnGla+(NH4),S^MnS f +2NH4GL 
or> ' Mn+'^'+S-«MaS .4 * 
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The precipitate is soluble in acetic acid (cf. zinc) and fcnineral 
acids. 

3. ^ A manganese gives a white precipitate of manganous 
hydroxide with, ammonium hydroxide^ but the precipitate dissolves 
in ammonium chloride; yet it may r coprecipitate with hydrous 

iron oxide. , 

MnCh+2NH,OH^Mii(OH)2 ^ +2NH,Cl 

Tiic prcci|)itatc turns brown on exposure to air, owing to the 
formation of manganic hydi-oxide, MnO (OH)2: 

Mn(0H)2+0=Mn0(0H)2. 

4. Sodium hismuthate lest — Place a drop of the solution on the 
spot plate. Add a drop of strong nitric acid, and then some 
solid sodium bismutliatc, NaBiOa. The purple colour of permanga- 
nate ion appears: 

5Bi03'-+ 14IT‘4 2Mn++==::2Mn0r+5Bi++++7H20. 

5. When a manganese salt, solid or solution, is heated with 
concentrated nitric acid and some crystals of potassium chlorate, 
a dark brown precipitate of Mn02 is obtained. This is a very 
sensitive test for Mn. and is specific, but must be performed in com- 
plete absence of Cl ions. 

MnO+O^MnOa ^ . 

Under tiicsc conditions, no other metal gives this test. 

6. Benzidine lest — Take a drop of the test solution on a drop- 
reaction paper. Now add a drop of strong caustic soda solution. 
When the drop has stopped spreading, a drop of tartaric acid 
solution and then one drop of benzidine soloution are added. A 
blue colour indicates mangaxiese. 

COBALT 

The usual salts given are sulphate, chloride, nitrate, carbonate 
and oxides. The anhydrous salts, and their solutions in concentra- 
ted hydrochloric acid, arc blue (or green), but the blue solution 
on dilution becomes red or pink. The anhydrous cobalt sulphate 

is, however, red. 

L In ammonium hydroxide solution, a cobalt salt gives a 
black precipitate of sulphide when hydrogen sulphide is passed through 

CoCb+{NH4)aS«aoS ^ +2NH4GI, 
or Co'^++S“’=:GoS; 

The fresh precipitate is slightly' soluble in dilute acids, ^ but 
after some time, it is rendered ^ completely' insoluble. But it ^ is. 
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readily soluble in aqua regia or a mixture of hx^clrocholoric acid 
and potassium chlorate. 

2. With potassium cyanide^ a bufF-colourcd precipitate of 
cobaitoiis cyanide is obtained, which dissolves' in aii, excess :'of the: 
reagent, forming the , complex cohaltocyanide : 

■GoGb+2KGN=Co(GN)g+:2Keiv 

GQ(CN),+4KGM==K4Go{GN)e.;'' 

This is easily oxidised to potassium cobaltlcyanidc even on 
boiling with water alone (more rapidly in presence of acids) : 

I . ■2K4Co(GN)s+0+H,0'=.21:«Co(GN),s+2KOH. , ■ 

Cobalt ion is not precipitated from this \'cry stable complex 
by any of the usual reagents. Caustic soda and bromine water 
have no action. 

3. Cobalt salts in neutral solutions, acidified with acetic 
acid, produce brilliant yellow precipitate \vit!i potassium nitrite 
solution; at first the cobalto-nitrite complex is formed which is 
then oxidised to cobaltinitrite (HNO 2 acts as an oxidising agent: 

. : =2K3Go(N02);d-2GH;X;OOK,+HaO.. : 

• 4. A cobalt salt gives with an excess of sodimn bicarbonati a 

1 precipitate of cobalt carbonate, which further forms a soluble 

( complex, %odmm cohalto’-carhoriate: 

fSim /O :;2NaHCOa-^.Na,G 

The reactions may also be represented as lbllf>ws: — 

i Go(HGOa),+4NaHC03=^Na4Go(COa)3 + 3HA:)--r3C:C), 

CoGb+6NaHG03==Na4Go(G03)3+2NaCH 3}i/J+3CO, 

' - - This is oxidised in presence of an oxidising agent like bromine 
water to sodium cobalti'-carbonate : 
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This complex is very stable and has an apple green colour 
which remains uncliarigcd on heating. Cobalt ion is not precipitated 
from this complex by the usual reactions (cf. nickel, Palit's test), 

5. a-Nltroso-^j-Naphlhol lest — ^To a drop of cobalt test solution 
on the wliitc spot plate, add a drop of a solution of the reagent. 
A brownisli-rcd precipitate indicates cobalt. 

6. Borax head test — The bead is blue. 

7. VogeVs test ’With ammonium thiocyanate — ^The reagent 
gives Ixeaiitiful blue double thiocyanate, (NH 4 ) 2 Co(SGN) 4 . Place 
a drop of cobalt test solution on a spot plate, and add to it 3 drops 
of alcoiiol, or betrer, acetone. Drop in a crystal of ammonium 
thiocy;inatc. A blue colour (which on dilution becomes pink) 
is obtained ifcobalt is present. The test is performed after removing 
iron (ferrous iroii docs not interfere with the test). 

NICKEL- ■ 

The salts usually given are nickelous sulphate, carbonate, 
chloride, nitrate and phosphate. The solutions are usually green 
but when, mixed in certain proportions, render the pink of a cobalt 
solution colourless. 

1. In ammoniacal solution, on passing hydrogen sulphide^ 
nickel salts give a black precipitate of nickel sulphide. 

XiGho-(NH4)2S==NiS I +2NH4GI, 

Ni+-M-S--=NiS. 

The precipitate, when fresh, is slightly soluble in dilute acids 
and more so in concentrated acids and very readily in a mixture of 
concentrate<i hydrochloric acid and potassium chlorate: 

NiS+2HCJAO===NiCh+H20+S. 

2. Nickel salts in alkaline solutions give a pr-ecipitate of 
nickelous Itydroxidc. The precipitate is soluble in an excess of 
ammonia s.,tIutioa, and also in acids; 

NiCb+2NaOH=Ni (Oli)^ j 4-2NaCL 

Xi(OH)rf2NH4Gl'r 4X.H40H=[Ni(NH«)^] Gb+GH^O 

This is why no precipitate of nickel hydroxide is formed in 
presence of ammonium cliloride in the Iron Grotip. 

3. With potassium cyanide^ nickel produces a green precipitate 
of nickelous cyanide, which dissolves in an excess of the reagent 
•forming a double cyanide: 

NiCb+2KCN==Ni (CN),+2KGL 
Ni (CN)s+2KGN«KaNi (GN )4 or 2KCN. Ni (GN),. 
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This is not a stable complex in the sense that it has a high, 
second dissociation constant and dissociates appreciably as: 

KsNi (CN)4^>-2K++Ni (GN).d^ 

Ni (GN)4-^^:Ni+-K!,.4(GN}- 

From this solution, nickel cyanide tlierefiore, precipitated 
on adding acid. The complexes. easily decomposed by bromine, 
water in presence of alkali; a' black oxide of nickel is obtained: 

Bn +2NaOH=:« 2NaBr + H,0 + O. 

2KaNi (GN)4+0+4K0H==::m/.\+8KCN+2 

The reaction is utilised in tlie separation ofnickel from cobalt: 

4. Nickel does not form the complex carbonates with sodium 
bicarbonate, and on heating in an alkaline mexlium with bromine 
water, arc oxidised to black oxide of nickel: 

NiGL+2NaHCOa==NlCX\4^..2NhiGl+H^^ 
2NiC0a+4Na0H+0==:Nh0, + 2Xa2G0,+2H,0. 

The reaction is utilised in separation of nickel from cobalt. 

Dimethyl glyoxime test — One per cent, akoliolic solutirm of 
the reagent should be used. The reagent is : 

OH O. 

1 t 

GHa. C==NOH CH.. G-=X\ /N=C. CH;, 

2 i +Nf+-> i ‘"Xi/ 

CHa. Ci-NOH CHa. CJ-:XX Xr:r:C. Clf 

■t ! 

O OH 

The reagent with nickel salt gives a voluminous carmine 
precipitate, insoluble in water, ammonia or acetic acid, but soliiblc^ 
in mineral acids. 

The reagent with nickel salt gives a voluminous carmine 
precipitate, insoluble in water, ammonia or acetic acid, but soluble 
in mineral acids. 

The reaction can be utilised as a spot test for nickel also. 

■ Chemistry ef the ■ separation of the metals of the 
■Fourth Group 

Zinc mi mangmeM sepafat%on’--The^ precipitate obtained by 
passing hjdrogen sulphide in the ammoniacal solution consists of 
^ , the sulphides of zinc, manganese, cobalt and nickel. The precipitate 
is allowed to age for_ some minutes, and then treated with dilute 
\ hydrochloric acid.'.,, The .sulphides of zinc and manganese thus 
dissolve"':':'' , , -f"' 
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ZnS + 2 HGI= ZnCi a +H,S. 
MiiS+ 2 HGl==MuCl.+HS; 

Cobalt and nickel, sulphides are separated at this stage by 
filtration. From the filtrate, hydrogen sulpliide is driven off 
by boiling and tfie filtrate treated with caustic soda. With an 
excess of tills reagent, zinc goes into the solution forming sodium 
zincatc, whereas, manganese gives a residue of hydrous manganese 
oxide: 

ZnGbd- 2 NaOH=Zn(OH)a + 2 NaGI. 
Zn(0H),+2Na0H==Zn(0Na)a+2H20. 

■ f 

soluble 

MnGh+2NaOH=Mn(OH)2+2NaCL 

' ■■ t 

insoluble 

IManganesc oxide is filtered off and confirmed by the bead 
test or fusion with KNO3 and NaaCOs or with concentrated HNOg 
and KGIO3. Zinc in the filtrate is tested by passing hydrogen 
sulphide : 

Zn(ONa)3+H3S*->ZnS | + 2 NaOH. 

On the basis of above reactions, a separation of cabait and 
nickel may easily be effected. As the bead reaction of cobalt is 
is very cliaracteristic, unmasked by the presence of nickel, the 
problem is only to identify nickel in presence of cobalt. To the 
mixture of the two, an excess of potassium cyanide is added. Cobalt 
forms a complex salt, potassium cobaito-cyanidc, which in slightly 
acid solutions on exposure to air, is converted to another stable 
complex, potassium cobalt icyanide, K3Go(GN)e. This complex 
remains unchanged when heated further even in an alkaline 
medium. 

In acid medium, nickel forms only nickel cyanide with KCN 
and no complex. In alkaline solutions also, it gives readily oxidis- 
ablc double salt, Ni(GN)2, 2KGN. So when it is boiled with 
NaOH and bromine water or by a solution of sodium hypochlorite, 
the black oxide of nickel is precipitated. This gives an identi- 
fication of nickel. It may be filtered off, and the solution dried, 
ignited and fused with borax to give a test for cobalt. 

coBALTi-NiTRiTE TEST — Cobait is also readily identified by 
this test. When a cobaltous salt acidified with acetic acid is treated 
with potassium nitrite solution,it gives a yellow precipitate of com- 
plex potassium cobalti-nitrite., ,■ v ' ^ 

GoCl2+5KN02+2HN02=K3Go(NO,)6 j +2Ka+NO f 
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Nickel does not give siich a complex; lluis cobalt is precipitated 
and then nickel tested 'in the filtrate. 

pawt’s test with bicarbonate— Aiiollica' qualitative identifi- 
cation ofcobalt and nickel in presence of ci-ich other is ba.sed oil the 
fact that cobalt salts form a soluble pick compktx willi, sodiiun 
bicarbonate similar to potassium cobalto-cyanide : 

CoGl,+2NaHCO,==Co(HGOa).+2NaG^ 
4NaHGO,+Co (HCOfj.-^Na^GoCGCb)., -rSU/) + 3 CO, 

lliis sodium cobaito-carbonatc is oxidised in, i^rescnce <'.>f 
oxidising agents like bromine water forming s<idlurn colialti-carbo- 
natc, NaaCo(GOy):i, which is apple-green in colour and is very 
stable and does not change on heating too. On the other hanc.!, 
nickel does not form complex cariionates and on heating in an 
alkaline medium with bromine water, is oxidised to black .txickelic 
" oxide, ' ■ 

To perform the test, thus an excess of sodit.im bicarbonate 
is added to the chlorides of nickel and cobalt {obtained by dissolving 
their sulphides in concentrated HGl in presence of one crystal of 
potassium chlorate and removing the excess of HGl by evaporation) , 
till the cobalt settles down as a pinkish powder, and then bromine 
added. In presence of cobalt, an apple-green colour will be; 
obtained in cold. Now, the mixture is heated, and if a black 
colour with aj^lack deposit on the sides of the test tube appears, 
then nickel is also confirmed. 

Metals of tlie Fiftli Group 

The usual salts given arc bariurn carbonate, cliloride, nitrate, 
phosphate, and the insoluble sulphate. 

1 . The insoluble barium sulphate is decomposed wlicn. luuitcd 
with sodium carbonate solution in excess. 

Na«C03+BaSCV^BaC(').+Na,,S04. 

Barium carbonate is then dissolved iii acid, giving a soluble 
barium salt. 

2. When, to the ammoniacal solution of a barium salt is added 
ammonium carbonate solution, a white precipitate of barium carbonate 
is obtained which is soluble in acetic acid : 

BaGh +(NH4),GOa«BaCO, | +2NH4GI, 
or' , , Ba+++C03“«:BaC0, 

. ■ BaG03+2GH3G00H-(GHaC00)3a+H.0+C0«. 
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The barium acetate solutiou with potassium chromate gives a 
yellow precipitate of barium chromate : ■ 

(GH.CX30)2Ba~pK,Gr0^=BaGr04 1 +2GH,GOOK, 

or, Ba+++Gr0^-==BaGr04/^ 

The precipitate is soluble in mineral acids but insoluble in 

acetic acid. 

3. Barium sulphate is reduced by carbon io h 2 ir mm sulphide 
when heated together strorigly : 

BaS04i..4G-=BaS+4C0, 

4. A soluble iKuium salt gives a precipitate of barium sul- 
phate with a soluble sulphate or sulphuric acid; the precipitate 
IS insoluble in acids ; 

BaClrf H,S 04 r=BaS 0 , I + 

STRONTIUM 

The salts usually given are carbonate, chloride, nitrate, phos- 
phate and the insoluble strontium sulphate. 

L In ammoniacal mlwXioiiy ammonium carbonate gives a preci- 
pitate of strontium carbonate with a strontium salt : 

SrCiri-'(NH4),C03«=SrG03 j +2NH4GI 
or Sr“^'^-hCO,-^SrGO, 

The precipitate is soluble in. acetic acid : 

... Si<,x:\+2Gh.a:x:)oh=^ 

From the strontium acetate solution, strontium chromate is 
not prccipitaUul on ilic addition of potassium chromate in presence 

of acetic acid. 

2. On the a<ldilioo, of ammonium sulphate (calcium sulphate 
or dilute sul|4iaric add even), a precipitate of strontium sulphate 
appears slowly thoiigfi completely. Scratching of the sides of the 
l)cakcr from inside may be necessary. 

(CH,C()0),Sr 4~ (Nli 4 ),SO^ 

3. Armmninm nxdate with a soluble strontium salt [gives a 
white pnaipitatc of strontium oxalate, insoluble in acetic acid. 

SrCbdd,XH4),€204=^SrCa04 ^ +2NH^Gl. 

CALCIUM 

The samfdcs usually given are carbonate, chloride, phosphate, 
oxalate, nitrate and oxide. ■ ' ' ' 


^SrSO^I +2GH,G00NH4. 
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1. A soluble salt in ammoriiacal or neutral solution gives a 
precipitate of calcium carbonate, with mmirmium carhomiH : 

CaGh + (NH4)2GOa=-2NH4Cl + Gaa^^^^ , 
or, Ca‘H-+GO,-:^Ca.GC), * 

The precipitate is soluble in acetic acid, and from this solu- 
tioii no precipitate appears on the additir*ri of potassium chromate 
or ammonium sulphate. With the latter rcai|i*ut, it Cirrus a soluble 
double salt GaSO^.CNHJ^SO^.H.O. 

2. With ammonium oxalate^ it iorms calcium oxalate, iusfdubic 
in acetic acid : 

GaCh-!a;Ali^)A04=-Caa/3^ +2Xll4Gi. 

Tlie oxalate is soluble in mineral acids. 

Chemistry ©f the separation of the metsils 
of the Fifth Croup* 

On the addition of ammoniurn carbonate io the filtrate of the 
Fourth Group, the metals of the Fifth Group arc precipitated as 
carbonates : (M stands for Ca, Sr, and Ba)* 

MGls+(NH4),GO,r^MGCX +2XH4GL 

All the three carbonates ^are soluble in acetic acid : 

MGO3 1 +2GH3GOOH«{CH,COO),:^l4..l,h^ 

When potassium chromate is added lo the solution, barium 
chromate is precipitated, which is filtered off : 

(GH,G0(3)«Ba+K,Cr04=«BaC;rC.}4 j +2Gi'hGOOK. 

To the filtrate' is 'added ammonium sulphate, Iwhich slowly 
precipitates strontium sulphate': 

(GHaG00),Sr+(NH4)304^SrS04 ' 

Strontium sulphate is removed by iiltrcitioii, and anunonium 
oxalate added to the filtrate. 'Calcium oxalate is precipitated : 

(CHaG00),Ga+(NH4),C,04=CaG.04 j d^2CH,GOONI:!4. 

6* Metals of the Sixth Group* 

, MAGNESIUM 

The salts usually 'given are iti chloride, sulphate, carbonate, 
bromide, and phosphate',.,. and also its oxide* 
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1. With ammonia solution, but in absence of ammonium 
•chlorklc, magnesium suits give a white precipitate of magnesium 
hydroxide : 

MgCU-l-2NH40H=Mg(0H), | +2NH*CL 

The precipitate is, however, soluble in presence of an excess 
of ammonium chloride. 

2. Tf mugucstuin lie present, the ammonium chloride- 
ammonium hydroxide medium gives a crystalline precipitate of 
m.i.gneshun ummoniurn pliosphatc sodmn phosphate : 

MgCn, ■; -XaJlPO, • .\ir/)fl=Mg(NH4)P0,-f2NaGl+H,0. 

Tlu; prccipit.ulou is facilitated by scratching the sides of the 
test tube with a glass rod. 

3. Tlu! prcrlpitili. of magnesium ammonium phosphate 
on ignition gives magnesium pyrophosphate : 

2Mg(Ml4)PO, - Mg,Pa0,+2NH3-bPI,0. 

The reaction is iitilised in the gravimetric estimation of 
magnesium. 

4. p-.Yitrobenzi'ne-azo-rcsorcinol test — ^The reagent is a dye, 
also known as of p-dihydroxybenzene-azo-p'-nitrobenzene. To 
a drop of magnesium test solution on a spot plate or in a test tube, 
add two drops of llie alkaline solution of the reagent. The colour 
changes from violet to distinct blue, owing to the absorption of 
the dye on the surface ol the precipitated Mg(OH)a. Cobalt 
and nickel also respond to this test. The sensitivity of the test 
decreases in presence of ammonium salts and acetates. 

5. ?)~Hjdfoxyqtmoim or “oxiae” test. 

Place a dn»p of magnesium test solution on a spot plate, saturate 
with solid arninotiium cliloridc atid add adropof an alkaline solution 
of the reagent. A greenish yellow precipitate indicates magnesium; 


SODIU^I AND POTASSIUM 

The usual salts given are too numerous to mention. These 
metah are best ideniiited by their flame tests, using a cobalt glass. 

yellow flame, cut off by a cobalt glass, indicates the presence of 
sodium, and a flame appearing violet-rcd through the cobalt • 

glass indicates the presence of potassium^ 
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L Potassium salts give a goldeu yellow erystallinc precipitate 
with chloroplaiinic acid in neutral or acid, solutions: 

2KCl+H2PtCl6-K,PiCIc [ 
or 2K++PtClr-K,PtCll,{, . 

2. From strong solutions, sodium hpimgtm iarimic iii presence of 
alcohol, gives a white crystalline precipitate on seriitcliing the, sides 
with a glass rod. 


KGI + 


CH(OFI)COONa CH(C)H)C:;C.}( >K 


GH(OH)GOOH CIi(CJJ: I iGC.X )H 


NaCI. 


3. A potasskim salt with sodium (ohallihitrile in acetic acid 
medium, gives a brilliant yellow precipitate of potassium cobaltb 
nitrite. 

3 KN 03 +NaaGo(NO.)e-K.Co(XO«), | +3NaNO,. 

4. Potassium pyroantimomte gives from neutral solutions a wliite 
crystalline precipitate of sodium pyroantirnonatc with a sexiium 

salt : 

2NaC!+KaPI,Sb,0,-:NaaHaSl),0, • ..t.2KCl 


AMMONIUM 

Ammoniiim salts usually given ate too iiuiiierous to mention. 

(1) All ammonium salts when licatcd with caustic soda, give 

smell of ammonia. 




or. 


NH^Gl+NaOH-NHa+H^O+NaCl, 
NH4++0H-=--NH3 t +H4O. 


_{2) Ammonium salts with chloroplalink uciti give a golden 
precipitate of ammonium chloroplatinate : 

2NH4Gl+HaPtCl6=(NH4)aPtGI« [ -J 2HCI 

(3) With NessUr's reagent (formed by reacting potas.*>ium iodide, 
mercuric chloride and caustic potash), ammonium salts given 
brown precipitate : 

NH4Gl+2K,Hgl4+4KOH=:IHg-OHg-.NH, 

■ ' +7KI+3H,0+KCI, 


PART 11 


Reactions iiiwlved in Inorganic Analysis 
of Acid Radicals 

CHLORIDES ' 

1. The chlorides of heavy metals, when boiled with sodium 
carbonate, undergo double decomposition forming Isodium chloride, 
which comes down, into the filtrate : 

BaCl 2 +NaaCO««BaCOa ^ +2NaGL 

2. All chloride solutions give a precipitate of AgCl with silver 
nitrate which is insoluble in nitric acid but soluble in ammonia : 

NaCl+AgN03«AgC4 +NaN 03 , 
or, C^+Ag^-«AgGl 

AgCl+ 2 NH 40 H«:Ag(NHs) 2 Cl+ 2 H 20 . 

For testing of chloride in sodium carbonate filtrate, the filtrate 
must be acidified with an excess of nitric acid, before adding silver 
nitrate; otherwise the white precipitate of silver carbonate will 
be obtained which is, however, soluble in nitric acid. 

3. With manganese dioxide and concentrated sulphuric 
acid, the chlorides give chlorine when heated : 

2 NaGI +Mn03 +2H3SO4 =:=Na2S04+MnS04 + 2 H, 0 + Ch, 
or, 2Ch+Mn03+4H-^=^Mn+++2H30+Gh. i 

4. A solid chloride, mixed with potassium dichromate, and 
concentrated sulphuric acid, yields brownish vapoui'S of chromyl 
chloride, CrOgCh, on heating : 

K,Cr^O^+ 4 N 3 ,CUr 6H3SO4 

==2Gr0aGh+4NaHS04+2KHS04+3Hs0. 

The vapours dissolve in water, yielding chromic ;acid, which 
gives yellow precipitate with lead acetate : 

Cr03Gh+2H,0=H3Gr04+2HCL 

BROMIDES 

They ought to be tested in the sodium carbonate filtrate : 

MgEra+NaaCOs^MgCOs +2N iFr. 


5 
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1 . The excess sodium carbonate in the filtrate is decomposed 
with an excess of nitric acid, and then silver nitrate solution ailded, 
a yellow precipitate slightly soluble in ammonium hydroxide is 
obtained : 

NaBr+AgNOj=AgBr ^ +NaNOa 
Br“-f Ag'^'=AgBr ^ , 

\ 2. A concentrated solutioii of sodium bromide when treated 
with concentrated nitric acid, evokes brown fumes of bromide, 
colouring the solution jir/fow (nitrous fiuncs, thougli brmvn, do not 
colour the solution yellow). 

NaBr+ HNOa=NaNO»4-HBr. 

8HBr+2HN03=4Br, t H-N*O-i-5H,0. 

3. Bromides when heated with manganese dioxide and con- 
centrated sulplmric acid, give brown fumes oflbroinine : 

2KBr 4- MnO, + 2H3S04=Br» t +K.S04 -i-MnSO* + 2H,0, 
or 2Br-+MnOj-i-4H+==Hrat -fMn++-|-2HjO. 

The fumes, being heavy, can be poured doivn to another test 
tube containing water; the solution will be coloured yellow and may 
be tested for bromide with silver nitrate. 

4. Chlorine water, when added drop by drop, to a solution 
of bromide, liberates bromine. The brown solution is then shaken 
with chloroform or carbon disulphide ; bromine .dissolves in the 
nonaqueous layer colouring the solution brown. 

The brown solution is changed by an excess of chlorine ivater, 
into yellowish chloride of bromine (BrCl) (diflerence from iodine). 

IODIDES 


They are also tested in the sodium carbonate filtrate: the 
filtrate is acidified with an mm ofdilute sulphuric acid and sodium 
nitrite added, which liberates iodine; this afttn' dilution f;an be 
tested with a fresh starch solution. 


2NaI +2NaN0j+2H,S04= 
2HI+20H'N0* 
2I-+2NOr+4H+= 


=2Na2S04 •+ 2HI -f 2HXO,. 
=2H,0-f2N0-f-r„ 


=2H,0+2N0-j-I, 
Iodide may be completely decomposed by this reaction. 



Free iodine gjves idue colour ,witli starch solutioiL This is 
due to the cither a blue "dodkle of starch’^ [C24H4^- 

02al]4 HI, or ^ a solid soiutiorij or iodme adsorbed by colloidal 
starcL It is s;iid that the presence of hydricxlic acid or a soluble 
iodide is necessary, before free iodine gives blue colour with starch. 

2 . Iodides witli silver nitrate give a yellow precipitate of silver 
iodide, iiisoliil'dc in nitric acid and ammonium hydroxide. 

AgNOa+NaI««AgI | +NaNO,, 

or Ag+|-I-«.AgI. 

3. Mercuric c.liloridc with, sodium iodide forms a yellow 
pr,,;cipitatc, cliauging lo deep red. The precipitate is soluble in 
an excess of sodium iodide. 

2NaI-i'-TfgGh=HgI, ^ +2NaCl, 
2I-+Hg++»HgT,,t . 

4. Iodides, when healed with manganese dioxide and con- 
centrated sulphuric acid, liberate iodine : 

2KI+Mn0,+2H.S0,«MnS04H-I,+K:,S04-{.2H,0, 
or 2I-+Mn0»4-4H+«Mn++-f-X,+2H,0. 

5. Chlorine water added, drop by drop, to an iodide solution 
liberates iodine : 

2Kr+CI,«I,+2KCi, 

or 2I-+Cl,esI,+2CI-. ;■ ' , 

Iodine is more soluble in chloroform or carbon disulphide, than 
in water, and therefore, ivhen the mixture is shaken with this 
solvent, iodine passes to the nori-aqueous bottom layer colouring 
violet. The colour disappears on adding a further quantity of 
chlorine water as iodine is oxidised to colourless iodic acid : 

I,+6H,O+5Gl.=2HlO,+10HGI. 

Tesl of bromide and iodide in presence of each other — ' 

To the mixed solution, add a few drops of chloroform and 
then chlorine water, drop by drop, and shake. 

(i) If chloroform is not coloured— bromide and iodide both 
absent. Test for chloride with AgNOg. 

(ii) If the chloroform layer is, brown— iodide is absent and 
bromide present. , 

(m) If the chloroform layer is. viplet-f-iodide present. Add 
more chlorine water, the violet layer would disappear; 
and now if brown layer appears, bromide is also present. 
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Tmmg nf iklonit iH pmmee of hmiek mJ injide. 

rn the MKlium carbonate filtrate, the hxiidc is decomposed 
salphitric acid iinci WKiium nitrite; fflld- 
2H>i0,M2H»0'r2N04-I,. When free from kxiide, concentrate 
the and decompose the hrmnidr. by ronccriti ated nitric 


SNaBr f 10HNO,=^.4Br, \ 


i-N,0 t -|-fiXaN0,4.5iI,0. 


After decomjjr>sing the bromitic, one can test for chloride by 
adding silver nitrate • ' 


NaCl rAgNOicsAgCl ,|, -fNaNOa- 


FLUORIDES 

•j'* fluorides wlwn heated with concentrated sulphuric 
acid and sand, evolve silicon tetrafluoride gas. On holdintr a 
moistened glass rod m the vapours, water reacts with the gas to give 
a white deposit of sihctc acid ; s o 

HtSO*+ClaF,=H»F, f 4-CaSO«, 

SHfFj-h SiO)it=SiF^ f 
3SiF4+3H,0=H,Si0, | +2H,SiF,. 

Silicic Hyclrcfluosilicic 

acid acid 


^ 2. ^Icium chloride gives a precipitate of calcium fluoride 
with a soluble fluoride (to be tested in the sodium carbonate fiU 
trate) : 

2NaF+GaCl,=GaF, j +2XaCl. 
2F-+Ca++=GaF, j . 


_ The precipitate is insoluble in acetic acid, Imt dissolves in 
natnerai acids. 


3. ^trc0ntum-;Ah^am lake iest.~(a) Immerse filter paper in 
a 5% solution of zirconium mtrate m 5% HCl; drain and p bn- in 
2% aqueous soIuUon of alizann-S. Wash the paper till the ivash ines 

red-violet. Moisten the nawr 
with 50 /o acetic acid, and place a drop of the neutral test soliit on 
on moist red spot. The spot will turn yellow if lluuriile is present. 


o .1 Pif fof done m semimicro test-lubes also. Take 

2dropsof 0.1 aqueous solution of alizarin-.S (sdciium ahVirin 
sulphonate), and zirconyi, mtrate (lO-I g. solid dissrdved in ‘m ml 
cone. HGl and diluted to 100 ml. with water : add 2 dromof thl’ 

X sofuS”"- 
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CHLORATES 

L Chlorates do not give a precipitate with silver nitrate, 
because silver chlorate is soluble. 

'2. Chlorates, ..when .treated with dilute sulphuric acid and 
zinc, are reduced to chlorides, which then give a precipitate with 
silver nitrate;: 

KGI0a+6H-=KCld-3H,0. 
KGl+AgNOa-AgCl I +KNQ3. ■■ 

Reduction may be accomplished with sulphurous acid or with 
sodium nitrite in the presence ofdil. H 2 SO 4 . The nitrite should 
be free from chloride. , , 

KCIO 2 + 3NaN02=-KGi+,3NaN0a. 

3. When concentrated sulphuric acid is added to a solid 
chlorate, the mass is coloured yellow on account of the liberation 
of GlOg ; on warming the mixture, the cracking noise ensues (may 
give rise to explosion, if the quantity taken is not small). 

3KC10s+2H2S0,-2C102+2KHS04+KC104+H20. 
or 3 CIO 3 - +2H+ = 2010* +HaO + CIO 4 . 

4, Indigo test. To the chlorate solution, add a sufScient 
quantity of indigo, dissolved in concentrated sulphuric acid, to give 
a light blue colour. Add a little dilute sulphuric acid and introduce 
drop by drop a little sodium sulphite solution. The blue colour 
will disappear quickly. 

2H2SO., +HG102=2H2S04+HCi0. 

The hypochiorous acid bleaches indigo. 

CYANIDES [Danger] 

1 . Dilute sulphuric acid decomposes all the cyanide solutions 
(mercuric is an exception), setting HGN free in the cold. It is 
dangerous to recognize it l 3 y smell, as it is highly poisonous. 

The insoluble cyanides are decomposed by dilute sulphuric 
acid in hot. 

2. If silver nitrate is added to a solution of a cyanide drop 
by drop, a precipitate is formed on the addition of each drop, but 
is soluble on shaking, in excess of the cyanide solution : 

CN"-+Ag'^'=-AgCN^ 

AgCN+CN--[Ag (CN)^]- 


m 
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3* Ferrous sulphate soliitirm gives wilii a sofiihlt; eyainicles a 
precipitate of ferrom cyanide, wliirli again reacts with tiw; excess 
of cyanide solution, giving a fiuTccyanicte : 

F\i^^’42CX”‘=-F€(a\)a 

Fe(GX)t + 4C:X - 

The fcrrocyariide, on additi^in of ferric e klv^ yields Frimiau 
blue colour or precipitate* 

4* Cyanides, wlien fused with sulphur, oi their soliilic^n 
evaporatfii with a little yellow ammonium sulp!dd.cs ou a porcelain 
dish, yield timejmmk, 

KGN+ (XH4},S,r. 

Boil the solution now with hydrochloric acid and add a few 
drops ferric chloride solution* A red coloration would indicate 
the formation of thiocyanate* 

i * Ferrocyanides, when heated with concentrated sulphuric 
acid, evolve carbon mono%ide which burns witli a blue flame : 

K 4 Fe(GN) 6 +nHaS 04 + 6 H ,0 „ 
:=.FeS04+4KHS04d^6NHJiS04'^f-6C0 f . 

2. With silver nitrate solution, fcrrocyankles give a ivliite 
precipitate of Ag 4 Fe(GN)g, whicli is insoluble in dilute nitric acid 
and in ammonia (but is soluble in potassium cyiinide solution)* 

Fe(CN)rN-4Ag^«.Ag4Fe(CN), ? . 

3* Cupric sulphate, CuSO^, gives a brown precipitate oi‘ 
Gu 2 Fe(CN)ewith ferrocyanides in presence of acetic acid* 

4* Zinc sulphate gives a white precipitate of [KtZi%- 
(FeGN)e]a with ferrocyanides. The precipitate is insoluble in 
dilute acids, but soluble in caustic alkali solutions* 

K,Zn3[Fe(GN)6la + i20H- 
«2EFe(aN)e]-““+3Zn0/*+2K++6H»0* 

5, Ferric chloride, solution gives deep Prussian blue colour 
or precipitate with soluble ferrocyanides. (Ferrous salts give only 
, a light blue colour, which intensifies on exposure to air). 

6* If the given- ferrocyanide is an insoluble substance, boil 
it with caustic soda; ..the, insoluble metallic hydroxide and sodium 
ferrocyanide will be formed.' Filter off the insoluble portion and 
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add dilute HGi Id tlic filtrate and a few drops of ferric chloride 
solution. Pi'iissiriji blue colour will 'appear if a ferrocyamde is 
present. 

' "FERR'ICYANIDES ■ 

L Fcrricyauidcs, when lieated with concentrated sulphuric 
acid, evolve ciirbou me>aoxide (cf ferrocyanides) ■■ 

lvd*c(CN},+lIHaS04+6H,0v ■ , 

-.Pel f(SC:),),+ 3 KHS 044 6NH4H. SO^-ffiCO t,> 

2 . Witii silviu: nitrate solution, ferricyaiiides give orange 
coloured silver ferricyanidc 

The precipitate is insoluble in jnitric acid, but soluble in 
aminoniai ■ ■ ■ ■ ' 

3 . Ferrous sulphate solution gives a deep TurnbulFs blue 
precipitate with ferricyanidcs, in neutral and acid solutions. 

4 . Cupric sulphate gives a green precipitate of , cupric 

fer^icyamde^:■' ■ '"'■■■■ - ■. ■- 

2 Fe(CN)e — +3Cu-t+=Cu3[Fe(C;N)6]2. 

5 . Ferricyanidcs, in. alkaline solutions, are reduced to 
ferrocyanides by sulphides, iodides, sulphites, ferrous and man- 
ganous''^ salts.,. VHg02;:,' and. ':;starch.:^-y 

2Fe(GN)e“-"”+S-==^2Fe(GN)r-+S | • 
2Fe(CN)r’“'“+2I-=-2Fe(GN)s“-+l2. 

2 Fe(GN)e — + H202+20H-«:2Fe(CN)r“+2H20+02 f - 

CARBONATES 

Carbonates, wlicn treated with dilute acids, effervesce, and 
carbon dioxide evolves : 

BaG03+2HCI:=BaCh+H20+C02 f > 
or, COa- + 2H+-H2O+ GO2 1 . 

The gas turns lime water milky : 

Ga( 0 H)a+G 02 =CaG 03 j +H2O. 

On passing excess of COg, the milky precipitate dissolves 
forming a bicarbonate. 
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■■■■^BIGARBONATES 

Test with sodiiim or potassim bicarbonate sample. 

■ 1 r To the cold solution of a bicarbonate, say NaHCOj, add 

a solution of magnesium sulphate. No precipitate apears in cold. 
Now boil the solution. A white : precipitate of MgCO^ is obtained : 

2NaHC03+MgS04-Mg(HG03)2+N^ ' , 

]VIg(!HG 03 ) 2 ^MgG 03 .*,,[, . 

2. The solutions of bicarbonates on boiling evolve COg gas 
(test with lime water) . 

3. Add mercuric chloride solution to a solution of bicarbo- 
nate. No precipitate is furnished, (Ncrmal carbonates give a 
reddish-brown precipitate of basic carbonate, Hg40s’C03 m the 
cold): 

4NagC03+4HgGb-Hg403G03+8NaGl+3C02/ 

Test for bicarbonate in presence of a carbonate — To the mixed 
solution of the two, add excess of calcium chloride solution* All 
carbonate will be precipitated (a part of the bicarbonate is a Is o 
precipitated as CaCOg). Filter rapidly and to the clear filtrate, 
add a little ammonia solution. A white precipitate or turbidity 
indicates the presence of a bicarbonate. 

OXALATES . , 

^ 1. Solid oxalates on ignition change to carbonates and 
oxides : 

GaGg04=:GaG03+G0 ; . 

■■GaG03--Ga0 + G0g f . 

2. Oxalates \vhen heated with concentrated .sulphuric acid, 
evolve carbon monoxide (which burns witli a pale blue ilaiiie)' 
and carbon dioxide : 

BaCg04+H2S04=BaS04+H,0-f GO ^ . 

^3. Acidify the sodium carbonate filtrate with e.n f-.u.YXf 
acetic acid, and add calcium chloride. Galciurn r^x date is preci- 
pitated : 

GaGb+NagGg04=:GaCg04 +2NaCh 

Filter out this precipitate and treat it with ancxces.s of dilute 
sulphuric acid and potassium permanganate and v^arm. If tlie 
colour disappears, oxalic acid is confirmed : 

GaGg04+HgS04+0:=:==CaS04+HgO+2G02 f « 
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BICARBONATES 

Test with sodiiim or potassim bicarbonate sample, 

1, To the cold solution of a bicarbonate, say NallCOs, add 
a solution of magnesium sulphate,.. No precipitate apcars in cold. 
Now boil the solution. A white : precipitate of MgCO^ is obtained ; 

2mBco^,+ugSo,^Mg(m 

. ; Mg(HG03)2^MgG03 +H2O+CO2. 

2, The solutions of bicarbonates on boiling evolve CO2 gas 
(test with lime water). 

3, Add mercuric chloride solution to a solution of bicarbo** 
nate. No precipitate is furnished, (Normal carbonates give a 
reddish-brown precipitate of basic carbonate, Hg40@'C03 in the 
cold): 

4Na2C0a+4HgGl2-Hg403C03+8NaCl+3C02. 

Test for bicarbonate in presence of a carbonate~-^o the mixed 
solution of the two, add excess of calcium chloride solution. All 
carbonate will be precipitated (a part of the bicaAonate Is also 
precipitated as GaCOg). Filter rapidly and to the clear filtrate, 
add a little ammonia solution. A white precipitate or turbidity 
indicates the presence of a bicarbonate. 

OXALATES 

1. Solid oxalates on ignition change to carl)onates and 
oxideS': 

CaCaO^^-CaCA+GOt . 

CaC03'---Ca0+G02 f . 

2. Oxalates when heated with concentrated sulphuric acid, 
evolve carbon monoxide (which burns with a pale blue, flame) 
and carbon dioxide : 

BaCaO^-f ILSO^-BaSO^+H^O+GO v -fCOa . 

3. Acidify tire sodium carbonate filtrate with an. excess of 
acetic acid, and add calcium chloride. Calcium oxalate is preci- 
pitated : 

GaCIa+Na2G204=:CaG204^ +2NaCL 

Filter out this precipitate and treat it with an excess of dilute 
sulphuric acid and potassium permanganate and warm. If the 
colour disappears, oxalic acid is confirmed : 

GaGa04+H2S04+0=^GaS04+H20+2C02 f . 
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4. To the oxalate (solution or powder), add dilute sulphuric 
acid (if a carbonate is also present, add an excess of the acid till 
all cflervescencc ceases). Now warm and add a pinch of manganese 
dioxide. If a fresh effervescence ensues, the oxalate is confirmed, 
IManganese dioxide liberates carbon dioxide from oxalates : 

CaG204+Mn0,+,2H,S0^,«CaSQ4+M f +2H,0, 

or C,Oi-+MnO,+4m==^2CO, f +Mn-^'++2HaO. 

SULPHIDES 

1 . Ail sulphides, with the exception of a few (as of Hg, Ag 
and As), when treated with dilute suiphurie acid, evolve hydrogen 
sulphide gas, which gives black stain on lead acetate paper. 

FeS+H,S04==FeS04+H,S:t , 
(CH3COO)2Pb+H2S==:2CH3GOOH+PbS j . 

2. Some of the insoluble sulphides, like mercuric, liberate 
hydrogen sulphide when treated with nascent hydrogen (zinc and 
• dilute sulphuric acid). 

Zn+H.S04~»ZnS04+2H. 

HgS+2H->H,St +Hg.^ 

3. When sulphides are shaken with lead carbonate in pre- 
sence of water, they produce black lead sulphide. The reaction is 
used in identifying a sulphide in presence of sulphite and sulphate : 

PbG03+Na,S^NaaC0H“PbS. 

4. Siilpliidcs, in presence of alkali^ produce a violet or 
pui-|>lc coloration \vith a fresh solution of sodium nitroprusside, 
Na2Fc(NO)fCN)5: — take a . drop of each, of the" reactants, and 
perform the lest on a watch glass. 

Na2S+Xa2[Fe(CN)5NO]==Na4tFe(GN)5NOS]. 

5. Methylene blue test — 'To the sulphide, add one-fourth of its 
volume of concentrated hydrochloric acid, and a trace of dimethyl- 
para phenylenediamine sulphate, NHa,C0H4*N(GH3)2.Fl2SO4; shake 
and add one or two drops of a dilute solution of ferric chloride. A 
blue colour will appear, due to formation of methylene blue. (If 
too little HCl is present, a I'cd coloration is obtained). 

L Sulphites, when heated with dilute sulphuric acid, give 
off sulphur dioxide, which produces a green coloration on a filter 
paper moistened with potassium dichromate solution. 

NasiS03+HeS04=:H*0+S0a t +Na2S04, 
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3S0a+K,Gr,07+H,S0^,=^Cr,(S04).j+K,S04+H,0, 
or 3S0a--+8H++Gr,0r=-3S04-+4H,(3+2Gr+'^+. 

The green colour is due to the formation of clirom^c salts, 
obtained by the reduction of GraO^-" with SO^ gas. 

2 . Sulphites decolourise a solution of potassium |;'‘crmaiiga- 
natc, in presence of dilute HaSO^. 

5 S 0 a+ 2 KMn 04 +2Ha0==KaS04 4-2MT1SO4 +2HaSOiv 
or 5S0.+2Mn0r+2Hs0=.5S04-+2Mn’ ++ 4 H+. 

3 . Sodium nitroprusside and zinc sulphate test — neutral sufphltc 
solution is treated with a dilute solution of sodium nitroprusside, 
a faint pink colour is pt'oduced. The colour becomes distinct red 
on adding a considerable c[uantity of zinc sulphate. 

4 . Sulphites arc converted to sulphates by bromine water. 

Na,S0,+Br2+H20==:Na,S04+2HBr, 

■or - S03’^+Br2+H20==='S04"’+2Bi^^ 

This reaction is used in identifying a sulphite in presence of 
a sulphate. The mixture is acidiiied with hydrocliloric acid and 
‘barium chloride added. Barium sulphate is precipitated, whereas, 
barium sulphite, which is soluble, is retained in the solution. The 
filtrate, containing the sulphite, is then treated with bromine water; 
it is thus oxidised to sulphate and gives a (pi'ccipitate of barium 
sulphate. 

SULPHiVTES 

1 . The test is made in sodium carbonate filtrate : 

PbSO^+Na^GOa^PbCOa +Na2S04. 

The filtrate is acidified with an excess of dilute hydrochloric 
acid, and treated with a solution of barium chloride. A white 
precipitate is obtained which is insoluble in concentrated acids. 

Na2S04+BaCh=2NaCl+BaS04 4 . 

2 . All the sulphates, when heated with charcoal and fiisit>n 
mixture, are converted to sodium sulphide : 

SrS04+2G+Na2S03=Na2S+SrG0ji+2G02, 

The sulphide may be tested with sodium nitroprusside. 
TtllOSULPPIATES 

.;,L All the thiosulphates, when treated with dilute hydro- 
chloric acid, give a yellowish precipitate of sulphur and Ulcerate 
sulpliur dioxide : 

■■■ '■ Na2S203+2HCl=2NaCl^S03+S+H20. 
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2. Ferric ciil'>ridc gives a reddish violet colour with alkali 

thiosulphates. 

3Nhi,S,0;rf2FcGlr-Fea^ 

The colour.; disappears, on.' warming. 

3. Tliiosulphatcs decolourise a solution of iodine, forming 
sodium tctratliioi late : 

+I 2 +2NaL 

,,or 2Sgi03'"'d".72~^406'^~f 21*“. 

4. Si Iver nitrate, with a thiosulphate, gives a white precipitate 
of silver thiosulphate. The precipitate is soluble in an excess of 
; sod hull thiosulphate.' 

2AgN0a+Na3S303===2NaN03+Ag3S303, 

Silver thiosulphate, on warming or on the addition of dilute 
acids, first turns yellow, then brown and finally black, due to the 
formation of AgaS. 

AgaSaO^+ftO^AgaS+HaSO^^ 

Detection of sulphide^ sulphite^ sulphate and thiosulphate in a mixture: 

The solution must not be acidified, otherwise sulphites and 
thiosulphates will be decomposed. 

(z) Shake up the sodium carbonate filtrate with lead carbonate. 
Sulphide is thus removed. Filter off the lead sulphide and 

carbonate : 

PbCOa +NaaS-~>PbS | 4 -NaaG 03 . • 

To the filtrate, add excess of barium chloride, and filter. The 
precipitate consists of barium sulphite and barium sulphate. The 
thiosulphate remains in the filtrate. 

Treat the mixed precipitates of sulphate and sulphite with 
hydrochloric acid. Barium sulphite goes-into the solution, leaving 
barium sulplmte on the filter ' paper. Treat the solution with 
bromine water; sulphite is converted to sulphate and barium 
sulphate precipitated* 

The thiosulphate filtrate is treated with ' dilute hydiochloric 
acid and warmed* Sulphur is- precipitated, and sulphur dioxide 
is evolved. 
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Na«S, Na*S04, NaaS.O, 

] PbCOs and filter 

f — ; 71 

Black residue Filtrate 

PbS 1 BaGla and filter 

SULPHIDE ^ 

Residue Filtrate 

BaSOaj.BaSO^ . ■ NagSiOa' 

I HCl 1 add HCl 

— . s+so, 

i TPIIOSULPHATE,' 
Filtrate : 

[ ■ Bra water 
Precipitate 
SULPHATE ■ 

NITRITES 

1 . All the mineral acids, and even the acetic acid, decompose 
nitrites to nitric oxide, nitrogen peroxide (with air), and nitric 
acid : 

2NaN02+H,S04=-Na.S0^+2HN0a, 

3HNOa=^HNO, +2NO +PLO, 
2N0+0«=2N0a. ■ ■ 

2. Ferrous sulphate solution and sulpiniric acid, with a 
solution of nitrite, react to give a brown coloration- Nitric 
oxide generated in the reaction (1) is absorbed by ferrous sulphate,; 
forming 2FeS04«N0(cL ring test for nitrates), 

3, All nitrites evolve iodine from potassium iodide in presence 
of dilute mineral acids. The iodide may he tested wiih starch 
solution (blue colour) : 

KI H^'KNO, d~H,S04=HI +HNO, -h-K.SO^ 
or 2HI+2HN0,«:2H*0~h2N0-M„ 

2NOr +2I-+4IH:^2N0+2H,0+ L* 

4, Nitrites, when heated with urea and dilute sulphiuTc 
acid, are decomposed to nitrogen : 

GO(NH.), +20H.N0=c2N, + 3H,0 COa, 

When the decomposition is, complete, the test (S) is not answered. 
The method is used in the detection of nitrates in presence of' 

nitrites. 


r 

Residue 

SULPHATE 
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5. A solution of nitrite, when boiled for sometime with a 
fair concentration of ammonium chloride, is decomposed to 

nitrogen : 

NaN02+NH4Gl=.NaCI+2Ha0+NV 

NOr+NH4+«N2+2HaO. 

This reaction is also utilised in decomposing nitrites complete- 
ly, before a test for nitrates could be made. For a complete decom- 
position, the process has to be repeated a number of times, until 
the test (3) is no longer given. 

NITRATES 

All the tests for nitrates are essentially the tests for nitrites. 
The nitrates are first reduced to nitrites, and then they are tested 
as given above. It is, therefore, essential to see that the solution 
does not contain a nitrite before the test of nitrates is xmdertaken. 
In case a nitrite is originally present, it has to be completely decom- 
posed by heating with an excess of ammonium chloride, or with 
urea and dilute sulphuric acid, 

1. All nitrates when heated with copper turnings and 
concentrated sulphuric acid give nitric oxide, which changes to 
brown peroxide fumes in contact with air. 

3Cu+8HN03==3Gu(N03)a+2N0+4H20, 

2NO~l 0,=2N03. 

2. To a mixtui'e of ferrous sulphate and nitrate solutions, 
if concentrated sulphuric acid is carefully poured down the side of 
a test tube, and the mixture cooled, a brown ring is formed at the 

junction. 

Ferrous sulphate, at first, reduces the nitrate to nitrite and 
then to nitric oxide. This oxide is absorbed by the unoxidised 
poi'tion of ferrous sulphate: 

2NaN03 +4H2SO4 +6FeS04 

*=:Na*S 04 + 2 N 0 + 3Fe3(S04)a+4H,0. 

2 FcS 04 +N 0 = 2 FeS 04 .N 0 ,, . 

(brown) 

3. Nitrates may be reduced to nitrites by the action of zinc 

and dilute sulphuric acid : , 

KN 03 +Zn+H,S 04 =:=KN 0 a+ZnS 04 +FI ,0 

The mixture is added to^ a. solution of potassium iodide and 
starch* The iodine evolved gives the blue colour : 

2 HN 0 ,+ 2 HI=I,+ 2 N 0 + 2 H 30 , 
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ACETATES 

1 * As almost all the acetates are fairly soluble in water, the 
aqueous extract of the given mixture is taken. It is c<x>lecl and to 
the neutral solution is added a neutral solution of ferric chloride. 
A deep red coloration in cold indicates the presence of an acetate. 

FeGl 3 + 3CH3GOON'a==F€'(GH,GOO)« -f-SNaCL 

2. All tlie acetates, when boiled with concentrated or dilute 
•sulphuric acid, give the characteristic vinegar smell ,of acetic acid : 

2CITGOONH4 -fH2S04==2CITG00H-f(NH4)sS04. 

PHOSPHATES 

The only reliable test for phosphates is the one witli ammonium 
molybdate and nitric acid. The mixture of tlie three on warming 
gives a canary yellow precipitate of ammoniiun plios|)horriolybdate, 
(NH4),P04.12Mo03. 

This test is also answered by arsenates which under the very 
conditions, give the similar yellow precipitate of ammonium arseno- 
molybdate, (NH 4 ) 3 As 04 . 12 Mo 03 . Therefore, in presence^ of 
arsenic the test of phosphates is unreliable. Wiieri arsenic is 
present, it is at first removed in the Second Group analysis, and the 
the filtrate of the Second Group is tested for phosphates. 

BORATES 

A borate mixture is stirred in a porcelain dish witli a small 
amount of concentrated sulphuric acid, and a little ethyl alcohol 
added. When a fiamc is applied to the mixture, alcohol burns 
with a grecn-edged Ikvme. A volatile compound, ethyl borate, is 
formed which burns with the green flame. Presence of cropper 
salts interferes with the test , because they also produce green-edged 
flame. 

Na^B^O^ +HsS 04 =x=Ii,B 40 ,+Na,SC^^^^ 

H,P 40 , + 5'H/):=:=4PEB0,. 

HaBOj,+3C2HpH^’‘-B{OCTd|,)a +3H,C). 

CaF^ test for borates — - 

Make a paste of the borate with some calcium fluoride and a 
little concentrated sulphmic acid, liold a part of tins paste with 
the help of a platinum wire or with a glass rod near tlie edge of a 
Bunsen burner. Volatile BF^ . is, formed and colours the flame 
green. Copper salts do not. interfere with, this test. 
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CaF,+H*S04^GaS04+2HF, 

4 h,o, 

B,0^+6m^-2BF, t +3FI,0. 

SILICATES 

L Silicates and silicaj when heated on charcoal and mois- 
tened with cobalt nitrate, and again heated give a blue mass on 
Jiismi. The test is given by alumina, borates and phosphates 
also*. 

2. Mix the substance to be tested for silicate with calcium or 
polassium fluoride in a lead crucible. Silicon tetrafluoride is produced 
on heating the mixture with concentrated sulphuric axid : 

CaF,+2H,S04+Si0,==2GaS04 + SiF4 f +2H,0. 

On holding a moist glass rod in the fumes of the tetra- 
liuoride, a white deposit of silicic acid is formed on the rod. 

SSiF^+ffl^O-H^SiO^ I +2H,SiF6 

3. Silica and silicates do not idissolve when heated in a 
mkrocosmic bead. Silica particles are seen floating in the trans- 
parent bead. 

4. Silicates and silica form soluble silicates when fused 
With sodium carbonate, 

5. A soluble silicate with hydrochloric acid, liberates colloidal 
silicic acid; this on evaporation leaves insoluble silica gel. 

6. A soluble silicate gives with silver nitrate solution an 
orange-red precipitate of silver silicate. 

Si03"+2Ag^=Ag2Si03 4, . 

Examination Questions 

I . (a) Explain the use of potassium cyanide solution in 

qualitative analysis. 

(b) Give a scheme for detecting elements of Group 3 and 4 
in the presence of phosphate with a short explanatory note. ‘ 

(r) How will you detect an arsenate and chromate when 
present together, and a carbonate and oxalate when present together ? 

{Alld. Unw.,BSc,, 1935) 

[Oil pissing sulphur dioxide through the solution, arsenate^ is 
reduced to arsenite and chromate to a chromium salt._^ Arsenite 
gives a precipitate of arsenious sulphide in the Second Group, and 
chromium is tested in the Third Group as usual] 
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2* Explain the following with equations:— 

(i) Why phosphate and organic matter are removed before 
proceeding to the Third Group. ■ ■ 

[it) Why yellow ammonium sulphide is used instead of ordinary 
ammonium sulphide in the separation of Cu-As Groups ? 

{Alld. Univ., llSc., 19S6) 

3. Write a note on solubility product and its applications 

in analytical chemistry. {Aild, Univ.^ B,Sc., 1936) 

4. Describe with full details the various reactions involved 

in the separation of the Second Group B metals in the qualitative 
analysis. {Alld, Univ,, B Sc., 1940) 

5. Discuss the various reactions involved in the separation 
of phosphoric acid before proceeding to the separation of the 
metals after the Second Group in the qualitative analysis. 

{AIM. Unuh^BJc., 1940) 

6. What are the interfering acids in the qualitative analysis 

of the basic radicals ? How do they interfere ? Give the methods 
of removing them in the group analysis for metals. Give all relevant 
equations. {Alld, Ujiiv.^ B.Sc.^ 1939) 

7. Explain the term ^‘available oxygen’’ as applied to potas- 
sium permanganate and manganese dioxide. How is it estimated ? 

{b) How would you identify the following salts: silver chloridcj 
stannic oxide and barium sulphate ? Give accessary equations. 

{AM. Unw.,^B.Sc., 1938) 

8. Explain the principles involved in the use of the following 
in qualitative analysis: — 

(d) Addition of ammonium chloride and ammonium hydroxide 
before the precipitation of the Third Group. 

(5) Addition of sodium acetate and acetic acid in presence 
phosphate. 

{c) Addition of sodium bicarbonate and bromine water in 
the detection of cobalt and nickel. 

{d) The reason why dilution is advised in precipitating metals 
of the Second Group. {Aikl Umv.y B.Sc. 1937) 

9. Give the chemistry of the following processes in analytical 
chemistry: — {a) Removal of phosphoric acid from a mixture of 
inorganic salts, {b) Identification of cobalt * and nickel ions in 
presence of each other. 

*{AIM. UnkK,B.Sc., 1942) 
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10. (a) What is ammonium polysulphide? Why is it 
necessary to use it in. order to separate Copper from Arsenic Groups ? 
Give necessary equations. 

(i») How do you test for cadmium in presence of copper? 
Give equations for reactions. {Alld, Univ,, B.Sc., 1944) 

11. Discuss fully the chemistry of the identification and 
separation in qualitative analysis of {a) copper and cadmiumj 
{h) aluminium and chromium/ (<;) chloride and bromide, and 
\d) nitrate and nitrite. Give equations. {Agra Univ,^ B.Sc, 1942) 

12. {a) Explain clearly the use of ammonium chloride in 
qualitative analysis. (^) How do you prepare sodium thiosul- 
phate? Explain its various uses. 

{Agra Univ,, B, Sc,, 1942) 

1 3. Draw up a scheme for the qualitative analysis of a mixture 

containing the following radicals: nickel, cobalt, phosphate and 
fluoride. Explain the steps and give equations of the reactions 
involved, {Agra Univ,, B,Sc,, 1943) 

14. (^) Complete the following equations: — 

(i) + 

' .(if) FeS0,+H,S04+HN0a=: 

{Hi) KMn04+H,S04+(C00EI),= 

{iu) 

{b) How do you explain the following observations in qualita- 
tive analysis? 

(z) Formation of a white precipitate in the Second Group in 
the absence of any of the members of the group. 

{Afis , — Hydrogen sulphide has been oxidised to sulphur by 
some oxidising substance.) 

(u) Formation of a white ciystaliine precipitate when con- 
centrated hydrochloric acid is added to a concentrated solution 
of barium chloride. {Ans , — ^The precipitate is of crystalline BaClg. 
Apply the concept of solubility product, similar to the precipitation 
of NaGI (saturated) on the addition of HCi) . 

{Agra Univ,, B,Sc., 1943) 

15. How will you identify (a) chloride, bromide, and iodide 
in presence of each other, {b) copper and cadmium in a mixture, 
and (r) chromium in a solution of potassium chromate? 

{AgraiUnit\, B,Sc,, 1944) 

16. Give a general account of some of the familiar complex 
salts specially those involving reactions with ammonia and potas- 

6 
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shmx cyanide. How do you use theCe reactions in analytical 
chemistry? , (Agra Unw.^ BSc,^ 1944) 

17. Discuss the use of sulp|itirettcd hydrogen in analysis. 
How does the gas act on the fo|k>wing: — • 

(а) an acidified solution of (f) potassium dichromate; 

{ii) potassium permanganate ; 

(б) solution of zinc sulphate containing sodium acetate; 

(<j) milk of lime. 

Discuss the reactions involved from the ionic standpoint as 
far as possible. U,, B.Sc, 1929) 

18 . How -^vould you detect — (i) a nitrites and a bromide in 
a mixture of the two; (it) a nitrite and a sulphide in a mixture of 
the two; (Hi) a chloride, a bromide and an iodide in a inixture of 
the three; (iu) a sulphide, a sulphite and a sulphate in a mixture of 
the three. Give very clear and definite tests. 

{U. I\ a S, 1939) 

19. How do you explain the fallowing facts: (i) The addition 
of nitric acid to a concentrated solution of barium nitrate brings 
about a precipitation. {Ans , — ^Apply sloubiiity product). 

{it) Disodium hydrogen phosphate is neutral to litmus and 
alkaline to methyl orange. {Ans , — Apply theory of indicator 
and pH considerations). 

(Hi) Zinc sulphide is precipitated by hydrogen sulphide from 
a, solution of zinc acetate but not from a solution of zinc chloride. 

(&) Sodium bicarbonate is alkaline to litmus and netiu'al 
to phenoiphthaiein. 

(y) Hydrogen sulphide is vey much %veaker acid tlian sub 
phuric, and it will precipitate copper sulphide from a solution of 
copper sulphate {Arts. — GuS having a low solubility product is 
removed from the field of action). {U, BXl .SI, 1939) 

20. How can one test for : (a) a nitrate in presence of a nitrite ; 

(b) a sulphide in presence of a thiosulphate; (c) each gas in a 
mixture of carbon monoxide, carbon dioxide and sulpiiur Vlioxide; 
(d) a phosphate in presence of an arsenate. Give ex|:)erimcritai 
instructions and explanatory equations. (ICUV., 11933) 

2L Give a scheme for the identification and separation of 
zinc, manganese, nickel and cobalt in a mixture containing phos- 
phates. Explain the reactions involved. 

{Agra Unw.^BBc., 1923, 1938, 1941) 
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22. Discuss the uses of the following reagents in systematic 
qualitative analysis — (a) potassium cyanide ^ (b) ammonium 
chloride 5 ammonium sulphide. 

{Agra Univ.^ B.Sc,, 1940) 

23. Decribe the method you would adopt for the identi- 

fication and separation of the following metals in a mixture of their 
chlorides:— (< 2 ) sodium and potassium; {b) nickel and cobalt. 
Explain the reactions. {Agra Univ,, B. Sc,, 1939) 

24. How will you explain the following observations in 
qualitative analysis:— (i) A white precipitate is obtained in the 
Second Group. , {ii) A precipitate is obtained in the Iron Group by 
the addition of ammonium chloride and ammonium hydroxide, in 
the absence of iron, aluminium and chromium. 

{Agra Uiiiv,, B,S€,, 1938) 

25. Devise a scheme for the qualitative analysis of a mixture 
containing the following radicals: antimony, tin, bromide, chloride 
and nitrate. Explain the reactions. 

{AgraUnw,,B,S€,,mi) 

26. Explain clearly why it is necessary to remove phosphates 

and oxalates before proceeding to the Third Group in qualitative 
analysis. {Agra Univ,,B-Sc,^ 1940, 1937) 

27. Devise a scheme for the qualitative analysis of a mixture 

containing nickel, cobalt, phosphate and fluoride radicals. Explain 
the reactions, {Agra Univ,, B, Sc,, 193S) 

28. (^ 7 ) Complete the following equations: — ■ 

(f) Cr(0H)34-Na2GO3+KNO3= 

(u) KMn. 04 (alkaline)+KI+H 20 = 

(m) AsS. + {Nn^)S2^ ■ 

{b) FeSO.+H^SO^+HNOa- 

{b) How do you account for the following observations: 

{i) Formation of a yellowish precipitate in the Second Group 
in the absence of any of the members of the group. 

{11) Formation of a brownish precipitate in the Iron Group 
in the absence of iron, aluminium and chromium. 

{Agra Univ,, B, Sc., 1936) 

29. Explain clearly the use of (< 3 ) hydrogen sulphide, and {b) 
ammonium chloride, in qualitative analysis. 

{Agra Univ,, B. Sc,, 1935) 

30. Explain, giving equations, the action of ammoniiixa 

hydroxide on solutions of {i) copper sulphate, {ii) cadmium sulphate 
and {Hi) silver nitrate. , 
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(b) How would you detect the presence of a chloride, in a 

mixture containing chloride and a bromide, both being soluble in 
water. Univ.^ 1935) 

31. Give the principles on. which the separation of elements 
into groups in qxmlitative analysis depends. ' Discuss in detail the 
separation of the radicals of the Group II-A, 

(Agra Univ,^ 1934) 

32- State how you would proceed to analyse a mixture 
containing a phosphate. Explain the steps and give equations of 
the reactions involved. 

(Agra Univ,, B.Sc., 1932) 

33. What are the reactions involved in the qualitative separa- 
tion of tin from arsenic. 

(Agra Univ., B.Sc,^ 1931) 

34. Explain why the sulphides of iron, zinc or manganese arc 
not precipitated in the Second Group, How will you identify nickel 
in presence of cobalt? 

(Agra Uriiv., BSc.^ 1945) 

35. How will you proceed on with the qualitative analysis 
of a mixture which contains magnesium, phosphate, sulphide, 
sulphite and sulphate radicals? Give necessary equations. 

(Agra Univ,^ B, 6V., 1946) 

36. Explain fully with equations the functions of ammonium 
chloride when added to ammonium hydroxide; sodium acetate 
when added to acetic acid and the addition of nitric acid before 
proceeding to the separation of Iron and subsequent Groups. 

(AM. Unit),, B,Sc,, 1945) 

37. Show how the following metals could be detected in a 
mixture of their salts. Give the chemistry of the processes involved . 

(d) Copper and cadmium; 

(h) Aluminium and chromium. 

(c) Cobalt and nickel. 


(Alld, Univ., B,Sc, 1946) 



PART III 

Inorganic Qjuialitative Analysis 
SECTION I 

Examination of basic radicals — The basic radicals of a 
mixture are identified by applying dry tests to the solid material and 
wet tests to the substance in solution, 

Bry tests— Dry tests give us only a preliminary idea of the 
nature of the substances present. They are more useful in case 
of single salts, and, therefore, in the analysis of a mixture they should 
be employed as confirmatory tests to the individual precipitates 
and not to the whole mixture. There are quite a large number 
of dry tests, but the most important and useful ones are given below. 

1* Flame test — ^The vapours emitted by substances at a 
high temperature impart characteristic colours to the non-luminous 
flame. 

Heat a platinum wire in the flame. If the wire is clean, it 
becomes red hot without colouring the flame. In case the wire is 
not clean, clean it by repeatedly dipping it in concentrated hydro- 
chloric acid and heating it in the flame. Now touch the paste 
made by moistening a little of the substance with concentrated 
HGl by the tip of the clean wire and hold this tip into the flame. 
Note the colour in the flame, if any. Now see the colour of the 
flame through a blue glass when a further clue is obtained 
regarding the element present. 

In the following table, the colours of the flames as seen directly 
and also as seen through a blue glass are given. 

Elements 

Sodium 
Potassium 
Calcium 

Strontium 
Barium 
Borate 
Copper 


Flame colour 

golden yellow 

violet 

dull red 

crimson 
yellow green 

green 

sreen with blue centre 


Flame colour through blue glass 

not visible 
violet red 
greenish grey, 
purple, 
blue green. 
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If the flame is seen through two blue glasses (one over the 
other), instead of one, all flames except potassium are masked. 
Thus potassium can easily be detected in presence of others. 

In the presence of the Second Group elements, the flame test 
should not be applied to the mixture as elements like lead and 
arsenic attack the platinum wire. 

2* Bead test — *The test consists in heating the substance under 
examination on a borax bead in the loop of a platinum '^vire. A 
loop is made at the end of the platinum wire and heated in the 
flame. The red hot wire is now dipped into borax wlien a trace 
of it adheres to the loop. On heating, this swells up and gives 
a clear transparent bead. The substance under examination is 
now touched with this bead and heated both in the oxidising and 
the reducing flames. The bead develops [characteristic colours 
depending upon the nature of the substance under examination. 
Only coloured oxides impart characteristic colours to the borax head. 

Borax when heated is converted into sodium metaborate, 
boric anhydride and water. 

Na^B^O^. 1 0H,O« 2NaBOs + 1 OFLO. 

The oxides of the metals under examination react with 
metaborate and boric anhydride giving ortho— and metaborates 
respectively. Thus with nickel salts, we get: 

NiO+NaBOa=NiNaB03(orthoborate}5 

NiO+BgOjj—NiO. B 203 =Ni(BOa)ot(metaborate). 

The characteristic colours imparted to the borax bead by 
various metals when heated in the oxidising and reducing flames 
are given below: — 


Metal 

1 

Oxidising {nonluminous) 

! flame 

Reducing (himimus) 
jtamc 

, Copper 

Green when hot, blue i 

when cold- | 

Red. 

Iron 

Yellow when hot, bottle- i 

Same as in oxidising 


green when cold. , ] 

flame. 

Chromium : 

Green. 

1 Green. 

Manganese 

Amethyst-violet. 

1 Colourless. 

Cobalt 

Sapphire blue. 

Same as in oxidising 
flame. 

Nickel 

Yellow-brown. 

Yellow-browi or grey. 
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3, Cliarcoa! test — ^This test is given by a number of solids 
but it serves as a very good confirmatory test in case of Zn, Ai^ 
Sii and Mg. Mix a little of the precipitate to bc i tested for^ these 
elements with sodium carbonate and heat it in a charcoal cavity 
with reducing flams. Now moisten it with a few drops of cobalt 
nitrate solution and heat it in the oxidising flame. 


Observation 

1 Inference 

1, . .. - 

Bright green mass 

• Zinc. 

Dirty blue green mass 

Tin. 

Pink mass 

Magnesium. 

Blue mass 

■■ .. ■ ' ■ ■ i 

Aluminium or phosphate. 


4. Glow test for tin— Take a portion of the mixture or 
precipitate to be tested for tin in a beaker or porcelain dish. Add 
to it about 3 ml. of concentrated HGl and a piece of zinc (tin free). 
Shake the whole thing together by means of a test tube half-filled 
with water and then put the test tube in the flame. A blue flame- 
mantle round the bottom of the test tube shows £m. 


Other Preliminary Dry Tests* 

Heat a small portion of the dried powder in an ignition tube: 

(a) If chars organic matter. 

(if) If melts ... fusible salts (alkali salts). 

(c) If swells .. . alums and borax, 

(d) If changes colour on heating the dried powder: 
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Cold 

Hot 

Inference 

Light yellow 

' . ■ I 

Yellowish-brown 1 

! 

SnO,. 

White 

Ybllow ■ ! 

i 

ZnO. 

Yellow 

, Fuses brown ■ ■ | 

PbO. 

Yellow 

Orange 

BijOg. 

Red 

Black i 

HgO, Pb,0,. 


(e) If gases are evolved, when the powder is heated :• 


Brown gas 

Oxides of nitrogen from 
nitrates and nitrites, bro- 
mides, chromyl chloride. 

Greenish yellow gas 

Chlorine from chloride. 

Violet 

Iodine from iodide. 

Smelling SO 2 

Colourless tuiming 

Sulphite, thiosulphate. 

lime water milky 

Carbonate, oxalate. 

Ammoaiacai 

Ammonium salt. 

Vinegar smell 

. Acetate. 

HsS smell 

Sulphide. 


SECTION II 

Separation of Insoluble Portion from Soluble 

A given naixtm'e may contain such ingredients as niay not be 
all soluble in water, or ordinary acids. An insoluble substance for 
the purpose of qualitative analysis is defined as the one which does 
not dissolve in water, dilute and strong hydrochloric acids .or nitric 
acid in cold or on boiling. But mostly for all practical purposes, 
the portion insoluble in water, and in dilute and concentrated hydro- 
chloric acid is taken to be insoluble* A few exceptional cases will be 
referred to elsewhere. 
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Preparation of tlie Solution 

The first important point in the analysis of a mixture for basic 
radicals is the preparation of its solution. There are a number of 
reagents in which the solution can be prepared, and in order to 
find out which one would be suitable for a particular mixture, take 
about 0* I gram of the mixture and treat it with Ivarious reagents 
as follows: 


(i) Water — Take about 0* 1 gram of the mixture and treat 
it with about 5 ml. of water in cold; if it does not dissolve, then boil. 
If the mixture dissolves, take a gram of the mixture, dissolve and 
proceed on with the regular analysis. 

{ii) Dilute nitric Treat about 0* 1 gram of the mixture 
with dilute nitric acid, warm and filter. Tolthe filtrate, add dilute 
hydrochloric acid. If no precipitate is obtained, the First Group 
salts are absent and dilute nitric acid should not be used for pre- 
paring the solution. If, however, a precipitate is obtained, the 
presence of the First Group salts is indicated. In that case, treat 
about 1 gram of the mixture with dilute nitric acid, filter and 
proceed with the filtrate for the group analysis. 

Mixture (Fg.) 

Treat with dii. nitric acid, warm and filter. 


r; 

Residue 


Treat with strong HGi 


Residue 

Insoluble 


Filtrate 

i 


Precipitate 
Ag group 


Filtrate 

1 Add HGi (dil.) 
I and filter. 

n 


Filtrate 

j 


Mix. 

Pass Ha S, and 
proceed with the 
regular analysis. 


{iii) Dilute hydrochloric acid—^Ii tht mixture is insoluble in water 
and the First Group is also absent as tested above, treat about 0* 1 
gram of the mixture with dilute hydrochloric acid and boil. If 
it dissolves, prepare a solution of about 1 gram of the mixture 
and proceed on with the regular analysis. 

{iv) Concentrated hydrochloric acid — If the First Group is absent 
and the mixture is insoluble in dilute hvdrochioric acid as seen 
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treat about 1 gramofthemixture with about 5 niL of coaceiitratcd 
hydrochloric acid, boil for about a miuute and filter. If a \vhitc 
residue is left, it should be ordinarily treated as ‘hnsoiuble’b 

(v) Concenirated nitric acid — It should be tried only in excep- 
tional cases; i. f?., when the residue left undissoived in concentrated 
hydrochloric acid is coloured. The substances whicli do not dis- 
solve in strong hydrochloric acid, but may dissolve in strong iritric 
acid axe sulphides of copper, lead, bismuth, arsenic, cobalt and iiickcL 
But they are rarely given. If the insoluble portion is coloured and 
is suspected to be mercuric sulphide (black), chromium oxide and 
chromic oxide (reddish-brown) or silver bromide or iodide (yellow), 
it is not necessary to use nitric acid. 

If nitric acid has been at all used for prcpai ing the solution, 
the soluble portion may be evaporated to a small bulk and tiien 
dissolved in hydrochloric acid (or neutralised tvith ammonium 
hydroxide, and just acidified with hydrochloric acid). 

The use of nitric acid should be avoided as far as possible 
because it reacts with hydrogen sulphide in the Second Group, preci- 
pitates sulphur and creates difficulties. 

and tlie First Group ’liotli present— Treat the 
mixture as shown in the chart in {ii), 

Precautioxs — ‘An excessive amount of tire reagent sliould 
not be used in the preparation of solution. For dissolving about a 
gram of the mixture, one should not use more than 15 ml. of the dilute 
or 5 ml. of concentrated acids. If the acids have been added in 
large excess, it would mean an increased bulk in the subsequent 
groups and a waste of acids and other reagents. 


SECTION in 

First Group or Silver Group 

Add a few drops of dilute hydrochloric acid to the cold solution 
of the mixture, prepared in water or dilute nitric acid. 
If a precipitate is produced, add more hydrochloric acid, till no 
more of the precipitate is formed. Filter the precipitate and wasfi 
it with cold water. Keep the filtrate for tlie analysis of the subse- 
quent groups. 

. ■ The precipitate may be of PbCh,' Hg 2 G !2 and AgCl Boil 
the precipitate with water, and filter .quickly, while hot. 
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Filtrate Test Pb. 

White shining crystals 
sepai'ate on cooling — LEAD 
(z) To a portion of the hot soju- 
tion, add acetic acid and potassium 
cln'-omate 'f* a yellow ■ppt.—-LEAD 
{ii) To another portion of the 
hot sol.j add potassium iodide : 
yellow ppt. — LEAD 


Residue 

Test for Pig (ous) and Ag. 
Shake the residue v/ith am- 
monium hydroxide, and filter. 


' ' 

Filtrate 1 

Residue 

Test for Ag: aci-. 

If Black— 

dify with dil. 

MERCURY. 

nitric acid : 

Confirm with 

a white ppt. — 
SILVER 

SnCia test. 


Second Group of Copper-Arsenic Group 

Boil the filtrate of the First Group, and pass hydrogen sul- 
phide to a small portion in a test tube. If no precipitate appears, 
dilute it and pass hydrogen sulphide again. If even now, no 
precipitate appears, the Second Group is taken to be absent and 
hydrogen sulphide should not be passed through the entire solu- 
tion. If, however, a precipitate is obtained on passing hydrogen 
sulphide to the hot or the diluted solution, boil the whole solution, 
and pass hydrogen sulphide through it till saturation. Filter, the 
precipitate, dilute the solution and pass hydrogen sulphide again. 
Repeat the process till the precipitation is complete. Filter the 
precipitates for the Copper-Arsenic Group. 

Wash the precipitate with hot water, and shake it with about 
10 ml. yellow ammonium sulphide, and filter. Test the residue on 
filter paper for the Copper Group, and the filtrate for the Arsenic 
Group, if a permanent yellow or brownish precipitate (but not white) 
is obtained on adding dilute hydrochloric acid in excess to the filtrate. 

Copper Group 

Take the residue insoluble in yellow ammonium sulphide, 
wash with hot water, and boil it with 4 ml. of 33% nitric acid 
(1 part of concentrated nitric acid, diluted with 2 parts of water), 
then filter. 


Residue t — 
Black : 

HgS or S. 

Dissolve in 
aqua regia, 
dilute and 
filter. 


Solution — ^To a small portion of the solution 
in test tube, add dilute sulphuric acid and alcohol. 
If no ppt. do not add sulphuric acid and alcohol 
to the whole solution, as Pb is absent. But if white 
ppt., add dil. sulphuric acid and alcohol to whole 
solution, and filter. 
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Divide the 
■filtrate in two 
parts : (i) 
Add a clear 
copper foil : 
a grey depo- 
sit on copper. 

Hg. 

(ii) Add 
SnGlj : a 
white ppt. 
turning 
greyish 
MERCURY. 


Precipitate. 

White : Pb. 

I’o it add a 
cone. sol. of 
ammonium 
acetate and filter; 
add acetic acid 
and pot. chro- 
mate to the 
filtrate : a yellow 
ppt.— LEAD. 


Filtrate — ^Boil off alcohol and 
add excess of ammonium 
hydroxide, and filter. 


Precipitate. 
White, : Bi 
(or Pb.) 
Confirm Bi by 
dissolving the 
ppt, in a few 
drops of cone, 
HGI, and dilut- 
ing the sol. 
largely : 
white ppt. — ^ 
BISMUTH. 
Confirm by 
stannite test. 
(SnCl,+ 
NaOH+Bi 
ppt : black 
mass) . 


Filtrate.— G^. 
and Cd. 

If the sol. is 
colourless, Gu 
absent and Cd 
tested by pass- 
ing hydrogen 
sulphide :yei- ' 
low ppt.' 

If the sol. is 
blue in colour 
test for Gd and 
Cu both. 

(Cu is confirm- 
ed by adding 
acetic acid in 
excess, and then 
pot, ferrocya- 
nide : a red ppt. 
— COPPER ^ 
Acidify the 
blue soL wdth 
an excess of 
cone. HGI, 
and pass hyd- 
rogen sul- 

phide, Filter 
ofl" the black 
ppt. of CuS, 
dilute the fil- 
trate largely, 
and pass hyd- 
rogen sul- 

phide again: 
a yellow ppt.— 
CADMIUM 


If Arsenic Group is present, take whole of the yellow ammonium 
sulphide filtrate, precipitate completely with diL HGI in excess, 
and filter. Reject the filtrate and boil the ppt, with about iO. ml. 
of cone. HGI and filter. 
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Residue, 

Yellow 
As or S : 

Boil the residue 
with 3 ml. coac* 

; HNOa^dilute'andj 
filter. To the 
filtrate, add am- 
..monium molyb- 
date, and heat : 
yellow ppt. — 
ARSENIC. 


Filtrate— ^oi\ the solution to drive off H^S and 
divide the solution into two parts : 

(i) To one part— add 2 iron nails, and boil, 
and filter. To the filtrate add HgClg if 
white or greyish ppt.— TIN (Sb ppted. 
in black scales). 

(ii) To the other part — introduce a piece of 
zinc in a platinum wire loop: black deposit 
on Pt.— ANTIMONY, 

Alternate — Sn and Sb. 

Add ammonium hydroxide to the filtrate, 
till the solution is just alkaline; now add 5 g. 
solid oxalic acid, and boil, and pass hydrogen 
sulphide and filter. 


Precipitate, 

Orange 

ANTIMONY. 


Filtrate — Make the solu- 
tion just alkaline with am- 
monium hydroxide, add 
acetic acid, till the solution 
is just acidic, boil and pass 
hydrogen sulphide : brownish 
yellow ppt. — TIN. 


Third Group 

Boil off hydrogen sulphide completely (test with lead acetate 
paper for this) from the filtrate of the Second Group and concen- 
trate it to about 10 ml. Add about 1 ml. of concentrated nitric acid 
and boil. Test a little of the solution for phosphate by boiling with 
ammonium molybdate and also for fro /2 in another portion by adding 
potassium ferrocyanide. Now add about 10 ml, of ammonium 
chloride solution and then ammonium hydroxide till the solution 
distinctly smells of ammonia. 

Four types of cases may arise in the case of the Third Group 
analysis : (i) when no interfering acid radical, like phosphate, 
oxalate or fiuoride be present; (ii) when oxalate be present; 
{Hi) when fluoride or borate be present; and (iv) when phosphate 
be present. In the B.Sc. classes, we generally do not give two 

*Sometnnes, the residue of arsenic sulphide, especially As 2 S ,5 dissolves with 
difficulty in cone, HNO 3 . In such cases heat the residue with 15 ml. of 
— ^HGl and add powdered KGlOs from time to time in small portions. 
When all the yellow sulphide has dissolved, dilute somewhat and filter off 
the residual sulphur. Evaporate the filtrate to 2 ml., add 2 mi. cone. HNO 3 
and boil and add an excess of ammonium molybdate solution. Again boil. 
Yellow ppt.'—As. 


interfering acids together. But if at ali more than one interfering 
acid be given, fluoride is eliminated first, then the oxalate, and 
lastly the phosphate. ^ 

Case I — When the mixture does not contain mj ■ interfering acid, 

. The precipitate obtained, by adding- ammonium chloride and 
ammonia: to the filtrate of the Second ' Group • (after " removing 
hydrogen sulphide, and oxiclising' ferrous iron jto iferric by nitric 
acid) may consist of the hydroxides of iron, chromium and aluminium 
and sometimes of manganese. 

Filter the precipitate wash it with water and b>i! the preci- 
pitate with a solution of caustic soda; when the vapours do not 
smell of ammonia, 2 .^,, all the ammonium salts have 1:)cen decom- 
posed, add a further quantity of caustic soda and an excess of a 
strong solution of bromine water {sodium peroxide may be used ia 
place of bromine water), boil and filter. 



Residue — > j Solution — * 


May be iron or manganese, j' Boil off. excess of Br 2 , and 
Boil with dil. nitric acid and : .divide the solution 1 in two parts 
filter. ■ I if the so hition is yellow, ' If the'' 

I solution is not yellow, test only 
■ ' fbr.AL . -- 


Residue — 
Manganese. 

(i) Apply borax 
bead test. 
Amethyst . 
bead :Mn. 

(ii) Fuse wdth 
sod. carbonate 
and pot. nitrate : 
green 

mass which 
dissolves :with 
pink colour in 
dii.H2SO.j 
MANGi\NESE 


Solution — Part I 

Iron., Add. pot. If yci low — - 
ferrocyanidc to Add excess of 
this. Prussian acetic acid til! 
blue colour, the alkali is 
—IRON neutralised 

and there is a 
distinct smell 
of acetic acid ; 
and add lead 
acetate sol. : 

: ViJIow ppt. — 

! CHRO.MIUM 



Part II ■ 
Acidify the 
solution with 
nitric acid 
and then add 
ammonium 
iiydroxidc in 
excess, warm : 
a white gel. 
ppt.— 

Ai.UMIMUM 
Confirm by 
charcoal lest. 
Aiiernatkeij—* 
Boil the part 1 1 
with, an icquai 
voL of ammo- 
nium jchloride 
sol.: white gel. 
ppt . — 'Al pro 
sent. 


'M 
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Case II — When fluoride is present as an mterfering acid — Take 
the precipitate of the Third Group as obtained a:bQve in a procelain 
dish, and add about 2 ml. of concentrated hydrochloric acid, and 
evaporate to dryness (stir with the glass rod to prevent spurting). 
Add about 2 ml. more of the acid, and repeat the process. The 
precipitate ought to be thus digested with HCl three or four times. 
Extract the residue with dilute hydrochloric acid (neglect the 
insoluble if any), add ammonium chloride and ammonium hyd- 
droxide and filter off the precipitate if any. Test the precipitate 
f)r the members of the Third Group as in case I, and mix the 
filtrate obtained at this stage with the original filtrates of the Third 
Group, and proceed with the mixed filtrate for the subsequent 
groups. ■■ 

Case III — When oxalate {or some other organic matter) is 
present as an Take the precipitate of the Third 

Group as ob tained above on a precelain piece and ignite 
it for about 15 minutes. The oxalate is decomposed to 
carbonate or oxide. Dissolve the ignited mass as far as possi- 
ble in dilute hydrochloric acid. Add ammonium chloride and 
ammonia to the solution. Test the precipitate thus obtained 
for the Iron Group as described in the case I, and mix 
the filtrate at this stage with, , the filtrate of the original Third 
Group and proceed' on with the mixed filtrate for the subse- 
quent groups. 

Alternative Method for the Removal of Oxalates 

To the precipitate of the Third Groupj add concentrated 
nitric acid, and add to the solution a few crystals of potas 
slum chlorate and boil. The oxalates will be decomposed. 
To the solution, add ammonium chloride and ammonium 
hydroxide and test the precipitate for the Third Group as in 
case I, The filtrate obtained at this stage is mixed with the 
original filtrate of the Third Group and tested for the subsequent 
groups. 

Case IV — When phosphate is present as an interfering acid — To 
the filtrate of the Second Group, add nitric acid, after the removal 
of hydrogen sulphide, and heat. In a portion of the solution, 
test fer iron by adding potassium ferrocyanide (Prussian blue 
colour). To the rest of the solution, add ammonium chloride and 
an excess of ammonium hydroxide. The precipitate thus obtained 
would consist of the hydrous o^ddes or phosphates of tiie metals 
of Iron Group, as well as the phosphates of some of the subsequent 
groups. It is not necessary to filter at this stage. Add about 10 ml. 
of sodium acetate solution and then an excess of acetic acid till the 


smell of ammonia is permanently replaced by tliat of vinegar^ 
If the whole precipitate dissolves, then the Iron Group is usually 
absent* If a portion of the precipitate remains uridissolved, it 
may be filtered out and tested for iron, chromium and aluminium 
as in the case 1 (phosphates also behaving as if they are oxides 
for the subsequent reactions); and the filtratcat tins stage may be 
subjected to the method of the removal of phosphates (by adding 
ferric chloride etc.). 

For a rigorous treatment the following procedure may be 
adopted. To the mixture obtained above after adding sodium 
acetate and acetic acid* add ferric chloride solution drop by drop* 
with constant stirring till the solution acquires a light red colour 
(the colour of the prepared tea) ; excess of ferric chloride should 
not be added as it further peptises the ferric phosphate precipitate 
to almost a clear solution. Boil for about 5 inimites and filter. 
The precipitate should be tested for the Iron Group (chromium and 
aluminium only; the iron has been initially tested). To the 
filtrate, add ammonium hydroxide, boil and jilier off the excess of 
iron, and test the filtrate for the subsequent groups. 


Fourthi Gr0iip nr Ziac Gr0iip 

Warm the filtrate of the Third Group, and pass hydrogen 
sulphide in a portion of the solution till the solution smells of the 
gas. If a precipitate is obtained, pass the gas through the whole 
filtrate of the Iron Group. Filter off the precipitate, wash it and 
test it for the Zinc Group (Go, Ni, Zn and Mn) as follows, and keep 
the filtrate for the subsequent groups. 

Shake the precipitate with dilute hydrocliloric acid in cold 
and filter : 


^ ^Sometimes the given mixture contains a quantity of iron sufficient to 
precipitate the pnosphates completely . In that case we get a red coloured 
solution on the addition of sodium acetate and acetic arid. In this rase it 
IS not necessary to add any quantity of ferric chloride to eliminate phosphates. 
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Residue — 

Black — * 

Ni and 

Take a portion of the residue 
and heat it with about 1 ml. 
cone. HCl and a few crystals 
of potassium chlorate. Filter 
and evaporate the solution to 
almost dryness in a dish. Dis- 
solve the residue in water, 
cool; add sodium bicarbonate 
till it is in sufficient excess. 
Now add bromine water. Cool 
and shake for sometime. — ' 

(f) Apple green colour in 
cold and no change on heat- 
ing— COBALT. 

(«‘) Apple green colour in 
cold and blackening on heat- 
ing — ‘Co and jVz both. 

{Hi) No green colour in cold 
but blackening on heating--- 
NICKEL only.- " 

Borax bead tests — ‘If Co — blue 
which also masks the colour 
of nickel bead. If Co absent 
nickel gives brown bead. 


Solution-^^oil off hydrogen 
sulphide (test with lead ace- 
tate paper ) if any ; add an 
excess of caustic soda; boil and 
filter; 


Residue— 

Mu. 

Fuse a portion 
with sod. car- 
bonate and 
pot. nitrate or 
pot. chlorate; 
a green mass, 
which dissolves 
to a pink sol. 
in water— 
MANGANESE 
Confirm by the 
borax bead test 
— ‘amethyst. 


Solution—* 

Zn. 

Pass hydrogen 
sulphide; 
white ppt.— 

Confirm by 
charcoal test 
with Go nitrate ; 
bright green — • 
ZINC. 


APPENDIX 

Mixed precipitation of the Third and Fourth Groups — 

An alternate method. 

If manganese and cobalt are present in the mixture in excess, 
sometimes they may be precipitated in the Third Group and cause 
difficulty. In that case, the Third and Fourth Groups should be 
precipitated together and analysed as shown below. But in practice 
this rarely happens and it is no good, adding, one more long group 
of seven metals (Fe, Cr, Al, Go, Ni, Mn and Zn) after a long Second 
Group. It is advisable to precipitate Third and Fourth Groups 
separately. 

Take the filtrate of the Second Group, and concentrate to about 
20 mi. Add ammonium chloride and then ammonium hydroxide 
in excess, and pass hydrogen sulphide in excess. Filter and wash the 
precipitate. Test the precipitate for Fe, Gr, Al, Ni, Go, Mn and 
Zn as shown below. Keep the filtrate for boiling in order to drive 
off HaS and to concentrate it for the ^subsequent groups. 

Treat the precipitate with dilute hydrochloric acid, shake for 
two or three minutes and filter. 

*For the potassium cyanide test, see the reactions. 
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smell of ammonia is permanently replaced by that of vinegar^ 
rf the whole precipitate dissolves, then the Iron Group is usually 
absent. If a portion of the precipitate remains imdissoived, it 
may be filtered out and tested for iron, chromium and aluminium 
as in the case 1 (phosphates also behaving as if they arc oxides 
for the subsequent reactions) ; and the filtrate at this stage may be 
subjected to the method of the removal of phosphates (by adding 
ferric chloride etc.). 

For a rigorous treatment the following procedure may be„..^ 
adopted. To the mixture obtained above after adding sodiurri^ 
acetate and acetic acid* add ferric chloride solution drop by drop* 
with constant stirring till the solution acquires a light red colour 
(the colour of the prepared tea) ; excess of ferric cFiloride should 
not be added as it further peptises the ferric phosphate precipitate 
to almost a clear solution. Boil for about 5 minutes and filter. 
The precipitate should be tested for the Iron Group (chromium and 
aluminium only; the iron has been initially tested). To the 
filtrate, add ammonium hydroxide, boil and filter off the excess of 
iron, and test the filtrate for the subsequent groups. 


Fourth Group or Zinc Group 

Warm the filtrate of the Third Group, and pass hydrogen 
sulphide in a portion of the solution till the solution smells of the 
gas. If a precipitate is obtained, pass the gas through the whole 
filtrate of the Iron Group. Filter off the precipitate, wash it and 
test it for the Zinc Group (Co, Ni, Zn and Mn) as follows, and keep 
the filtrate for the subsequent groups. 

Shake the precipitate with dilute hydrochloric acid in cold 
and filter : 


^ *Some times the given mixture contains a quantity of iron .“ufficieot to 
precipitate the phosphates completely. In that case we get a red coloured 
solution on the addition of sodium acetate and acetic acid. In ihh case it 
is not necessary to add any quantity of ferric chloride to eliminate phosphates. 
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Residue — 

Black — * 

Ni and Co.®^ ' 

Take a portion of the residue 
and heat it with about 1 ml. 
cone. HCI and a few crystals 
of potassium chlorate. Filter 
and evaporate the solution to 
almost dryness in a dish. Dis- 
solve the residue in water, 
cool; add sodium bicarbonate 
till it is in sufficient excess. 
Now add bromine water. Cool 
and shake for sometime. — > 

(f) Apple green colour in 
cold and no change on heat- 
mg-»5:0'BALT. ' 

{ii) Apple green colour in 
cold and blackening on heat- 
ing — and jW both. 

{Hi) No green colour in cold 
but blackening on heating — • 
NICKEL only. 

Borax bead tests — -If Go — ^blue 
which also masks the colour 
of nickel bead. If Go absent 
nickel gives brown bead. 


; Solution---^<>i\ off hydrogen 
sulphide (test with lead ace- 
tate paper ) if any; add an 
excess of caustic soda ; boil and 
filter; 


Residue— 

Mn. 

Fuse a portion 
with sod. car- 
bonate and 
pot. nitrate or 
pot. chlorate ; 
a green mass, 
which dissolves 
to a pink sol. 
in water— 

MANGANESE 
Confirm by the 
borax bead test 
— ‘amethyst. 


Solution — • 

Zn. '^', ■ 

Pass hydrogen 
sulphide; 

White ppt. — • 

Confirm by 
charcoal test 
with Go nitrate; 
bright green — * 
ZING. 


APPENDIX 

Mixed precipitation of the Third and Fourth Groups — • 

An alternate method. 

If manganese and cobalt are present in the mixture in excess, 
sometimes they may be precipitated in the Third Group and cause 
difficulty. In that case, the Third and Fourth Groups should be 
p>recipitated together and analysed as shown below. But in practice 
this rarely happens and it is no good, adding, one more long group 
of seven metals (Fe, Cr, Al, Go, Ni, Mn and Zn) after a long Second 
Group. It is advisable to precipitate Third and Fourth Groups 
separately. 

Take the filtrate of the Second Group, and concentrate to about 
20 ml. Add ammonium chloride and then ammonium hydroxide 
in excess, and pass hydrogen sulphide in excess. Filter and wash the 
precipitate. Test the precipitate for Fe, Cr, Ai, Ni, Go, Mn and 
Zn as shown below. Keep the filtrate for boiling in order to drive 
off HgS and to concentrate it for the >subsequent groups. 

Treat the precipitate with dilute hydrochloric acid, shake for 
two or three minutes and filter. 

’**For the potassium cyanide test, see the reactions. 
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; CHEI^IfTRY 


Residue — ■ 
Ni and Go. 
Test as in 
Group IV. 


Boil to drive off H 2 S, cool, and add 
caustic soda and bromine water (or sodium peroxide) 
boil and filter. 


Residue — Iron and . j Chromium, aiu- 

Manganese. Boil ■' | minium and';' zinc.' Boil off 

with dil. ' ; HNO 3 ' j ; bromine and divide into 2 parts, 
a minute and filter I 



' ' 

i 

! I 

ir 

Residue 

Solution — 

! Acidify with 

Acidify with 

Mn. 

Fe. 

1 excess of 

dil. nitric acid 

(1) Bead 

Add 

! acetic acid 

and add 'NH 4 - 

test. 

K4Fe(GN)6: 

and add i 

OH, boil and 

(2) Fuse 

deep blue 

lead acetate: 

allow to stand: 

witiiNa^COjj 

colour con- 

a yellow 

a white gela- 

and 

firms 

precipitate — i 

tinous preci- 

KCIO, or 
KNOj in 
the loop of 
platinum 
■wire : a 

IRON 

CHROMIUM 

pitate. 

ALUMINIUM' 
(confirm by 

charcoal , test). 
Pass HaS through 

green mass. 



die filtrate": „ a 

MANGA- 

NESE. 



white precipi- 
tatc— ZING. 

; (Confirm by 

i charcoal test) 


Fifth Group or Calcium Group 

Boil off Ha S from the filtrate of the Fourth Group; concentrate 
it to about 50 ml., boil add 2 to 3 ml. of ammonium hydroxide and 
arnmoniiim carbonate in slight excess. Allow tine mixture to 
stand for about five minutes and then filter the precipitate if any, 
Washit with water and test it for barium, strontium and calcium. 
Keep the filtrate for testing magnesium. 

Dissolve the precipitate of the Fifth Group in acetic acid* To 
a few ml. of this' in a' 'test' tube, add potassium chromate solution. 
^ If a precipitate is obtained, this shows that barium is present. Then 
add KaCrO^j to the entire solution and filter. 
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Precipitate — ^yellow 

BARIUM. . 

' Perform flame test ■ with' 
the precipitate : a persistent 
green flamei' , * ~ ' 


Solution — ‘Add ammonium sul- 
phate solution in excess, heat, 
scratch the sides, and allow to 
stand. Filter the precipitate if 
anyi. . : 


Precipitate " 
STRONTIUM. 
Perform flame 
test with the 
precipitate : 
persistent red. 


Solution , — Add 
ammonium 
oxalate solution: 
a white preci- 
pitate shows 
CALCIUM. 
Perform flame 
test with the 
precipitate : 
non-persistent 
red. 


Sixth Group 

To the filtrate of the Fifth Group, add a few ml. of ammonium 
oxalate solution, boil and filter off the precipitate if any. (This is 
done to remove calcium if passed over) . Now add sodium phos- - 
phate. solution to it : a white precipitate on shaking and scratching 
the sides of the test tube with a glass' rod. — MAGNESIUM. Con- 
firm by charcoal test; with cobalt nitrate solution : pink mass. 

SODIUM, POTASSiUM AND AMMONIUM 

Sodium — 'This is detected by flame test. A golden yellow 
flame not visible through a cobalt glass — 'Sodium. 

Potassium— A violet flame. This colour is masked by the 
yellow colour of sodium. See through a cobalt glass. The 
sodium light is cut off and so potassium can be identified by its lilac 
flame. The best way of identifying potassium is to see its flame 
through two cobalt glasses one over the other. 

Ammonium— a, portion of the original mixture with caustic 
soda solution : smell of ammonia gas shows the presence of 
AMMONIUM radical in the mixture. ■ 


■ -SECTION IV ^ 

• THE'AGIDS 

1. To a small portion of the mixture^ add dilute sulphmic acid 
and warm 


Observation Inference Gonfirinatory tests 

{a) Effervescence in ' I Carbonate Pass the gas evoiv^ 

cold and evolution in lime water; it is 

of GOg on warming. turned milky. 

(J) A colourless gas Sulphite A filter paper dipped 

giving the smell of in KaCraO^ solution 

burning Sulphur. is turned green on 

exposure to the gas. 

(r) A coioiirless gas Sulphide A filter paper dipped 

.giving.. ..the., .sme.ll of , , ...in. lead, ...ace^tate. .....soiu-- 

H 2 S. tion turns black on 

exposure to the gas. 

(d) Light brown Nitrite Moisten a filter paper 

coioui’ed fumes having with KI and starch 

pungent odour. and a few drops of 

dilute .HaSO^', :.and 
. . ■ ... .1 expose to 'the" .gas;-the 

paper turns blue." V 

{e) Smell of SO 2 and Thiosulphate i 
a white precipitate of 
sulphur. i 
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Heat a small amount of the mixture with 
strong sulphuric acid 


Observation 

Inference 

(ij) A crackling sound 

Chlorate 

accompanied with the 
evolution of yellow 
coloured gas. 

{b) Vapours having 
smell of vinegar. 

Acetate 

(r) Light brown va- 

Nitrate 

pours having pungent 
smell. The evolution 

■ 

of vapours increases on 
adding copper turn- 


ings. 


{d) Evolution of a 
mixtui’e, of CO. and 
CO2. The gas (GO) 

1 Oxalate 


Confirmatory tests 


Extract small portion 
of the mixture with 
hot water, filter, cool 
and add FeCh: a 

blood red colour. 

1. To a solution of 
the mixture, add strong 
ferrous sulphate solu- 
tion, shake and cool. 
Now add cone. H2SO4 
cautiously from the 
sides drop by drop. 
A ring is produced at 
the junction of acid 
and the solution. 
(This test is not reli- 
able if the mixture 
contains nitrite, bro- 
mide or iodide). 

' 2 . The brown fumes 
are insoluble in 
water ; when they 
are passed througlx 
water, it is not co- 
loured (distinction 
from, bromide). 

[ Neutralise the sodium 
carbonate filtrate 'vvith 
excess of acetic acid. 


analyticax. chemistry 


(Gontimei) 


Observation 


Inference 


Gormrmator 


y tests—: 


burns.' with a' ; blue 
flame' and turns lime 
water milky (GO2). 


{e) White fumes with 
pungent odour. The 
evolution" of ', fumes 
increases on adding 
MnO.. 


{/) Brown coloured 
vapours having smell 
of bromide. 


Chloride 


Biomide 


and add CaGb: .a 
white precipitate which 
decolourises KMn04 
solution , .on warming 
in "presence of dilute 
siiipliiiric acid. 

Acidify the ' sodium 
carbon ate filtrate wi,th, 
excess 'of nitric acid, 
and add AgNO^: . ; ^ . a 
white precipitate solu- 
ble in. NH40'H (If 
NaaG03 contains chlo- 
ride as ■ impurityj we 
shal't get this test .even 
if '" c'h'iorlde is absent 
in 'the .mixture. In that 
case", extract a small 
portion of t'he original 
mixture . with warm 
d.iiute nitric acid, , filte'r 
and add AgNO^j a 
white precipitate soluble 
in NH4OH 'Shows chlo-* 
ride). 

i. These fumes are 
soluble in water, giving 
yclioiv solution (distinc- 
tion from nitrate): Add 
AgX ■':! 10 this solution; 
a yellow precipitate. 

2 . Acidify the sodium 


carl'ioriate filtrate with' 
excess of nitric acid; 
add .'.gXOjj ; a yellow 
precipi tale insoluble 
in XH4OH. 
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{Coniinmd^ 


,, Observation 

Inference 

Confirmatory tests 

{g) Violet vapours with 
smellof iodine. 

Iodide 

Acidify the sodium car- 
bonate filtrate with excess 
of nitric acid and add 

1 AgNOs a "yellow preci- 
[ pitate insoluble in NH4OH. 


3. Heat a portiori of the mixture with concentrated sulphuric acid and 
sand in a test tube — Oily drops appear in the test tube. Dip a glass 
rod in water and then expose it to the vapours ensuing from the 
test tube. Ifa white deposit on the rod-^FLUORIDE. Neutralise 
a portion of the sodium carbonate filtrate with excess of acetic acid 
and add CaCb : a white precipitate which does not decolorise 
acidified potassium permanganate solution (distinction from 
oxalate). 

4. Treat a portion of the mixture with about 2 ml, of cone, and 

3 ml, of ethyl alcohol in a porcelain dish — 'Stir the whole mass with glass 
rod and apply flame: if it burns with a green flame— BORATE. 
(This test is not reliable in the presence of copper in a mixture. 
In that case, the test for borate should be done with calcium 
fluoride.) 

5. Heat a portion of the mixture with about 3 ml, of cone, nitric 
acid {filter if the whole thing does not dissolve ) . How add to it ammonium 
molybdate and boil again- — ‘A canary yellow precipitate or colour 
shows the presence of PHOSPHATE, or ARSENIC. Repeat 
this test with the filtrate of the Second Group. A yellow precipitate 
shows PPIOSPHATE. 

6. Tests with sodium carbonate filtrate — Boil about 0*5 gram of 
the salt mixture with about two grams of sodium carbonate and 20 
ml. of distilled water for about ten minutes. Filter and test the 
filtrate as follows : — * 

{a) Acidify a portion of the filtrate with an excess of hydro- 
chloric acid and add BaCIa: awhite precipitate, insoluble in nitric 
acid, shows SULPHATE. 

Filter off the precipitate and add bromine water to the filtrate : 
a white precipitate is again formed — 'SULPHITE. 

{b) Acidify another portion of the filtrate with nitric acici 
in excess and add AgNOa solution : 

{i) a white precipitate shows chloride; 
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(ii) a yeiiow precipitate — may be a mixture of chloridcj 

bromide and iodide. 

(c) Acidify a third portion with an of acetic acid 

and add CaGIg solution : a white precipitate shows fluoride or 
oxalate. " 

Treat the precipitate with dilute KMn04 solution in presence 
of dilute sulphuric acid and warm. 

(i) The colour of KMn04 is discharged — oxalate. 

(ii) The colour of KMnO^ is not discharged —fluoride, 

Combmations of acids 

Sometimes if certain acid radicals occur together, it becomes 
difficult to test one in presence of the other. Such cases are : 

( 1 ) Carbonate and oxalate. 

(2) Chloride, bromide and iodide. 

(3) Sulphide, sulphite, sulphate, and thiosulphate. 

(4) Nitrite and nitrate. 

(5) Nitrate and bromide. 

( 6 ) Nitrate and iodide. 

The methods adopted in testing for one in presence of the 
other are as follows : — 

( 1 ) Carbonate and oxalate — When they occur together in a 
mixture, it becomes difficult to test for oxalate. On adding dilute 
sulphuric acid, we get the effervescence of COa which shows the 
presence of carbonate; but when concentrated HjiS 04 is added 
we again get GOj and we cannot say whether it has come from 
the decomposition of carbonate or oxalate. They are tested as 
follows: — 

Heat a portion of the mixture with dilute sulphuric acid; 
evolution of GO* gas shows the. presence of carbonate because 
oxalate will not be decomposed by dilute H 2 SO 4 . Add the dilute 
acid in excess, till no more of the effervescence, and warm. Now 
add a pinch of manganese dioxide . If fresh effervescence ensues, 
the oxalate is also present. 

This can also be confirmed by adding GaGl® to a portion of 
the sodium carbonate filtrate, acidified with an excess of acetic 
acid when a white precipitate will be obtained which ^viil decolorise 
potassium permanganate solution in presence of dilute HjjSOi. 
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Cklon^^ and iodide~\Vhtri all the three or even 

two are present together j the colour of the vapours obtained on 
heating a portion of the mixtm'e with concentrated Ha 
give us a sure indication, as the. colour of chlorine will be masked 
by that of bromine or iodine. Again, when we add AgNQg to the 
sodium carbonate filtrate acidified with HNO3 and get a yellow 
precipitate, we cannot say whether chloride is present or not, as 
the yellow colour of AgBr or Agl will mask the white colour of 
AgCl. 

In such a case, they are tested as follows :~ 

Take about 10 ml of sodium carbonate filtrate in a beaker, 
add excess of dilute H2SO4 and then sodium nitrite gradually. On 
heating, vapours of iodine pass out. Continue heating and add- 
ing NaNOg till the entire iodine is driven out. This is 
indicated by the colour of solution changing from dark violet to 
colourless. [The colour of iodine vapours should not be confused 
with that of NO2 vapours obtained by the action of dilute H2SO4 
on NaN02, the former are violet while the latter are light brown.] 
Now make the solution alkaline with carbonate to fix up HBr and 
add concentrated nitric acid. The solution again gets coloured if 
bromide is present and bromine fumes are evolved. Go on heating 
and adding nitric acid gradually till the entire bromine is evolved 
and the solution again becomes colourless. Now add AgN03; 
the formation of white precipitate shows the presence of chloride. 
Thus, one can find out whether the three or two or only one are 
present. 

An alternative method— Take a few drops of the mixed solution 
in a test tube, add a few drops of chloroform and then chlorine 
water, drop by drop, and shake after each addition. 

(i) If the chloroform not coloured bromide and iodide 
both absent. Acidify another part of the solution with nitric acid 
and test for chloride with silver nitrate (a white precipitate indi- 
cates the presence of chloride), 

(m) If the chloroform is at once coloured brown : — bromide 
present, and iodide absent; chloride may also be present. 

{Hi) If the chloroform is coloured violet i—iodide is present, 
and bromide and chloride may also be present, 

{iv) If iodide is present, add more of chlorine water drop by 
drop, and shake. If the violet coioiu' disappears (iodine would 
change to iodate), and the chloroform assumes brown colour, then 
bromide is also present. If no brown colour, tlicn bromide is absent. 

If iodide and bromide are both present, they arc to be decom- 
posed before one can test for chloride. ■ This may be done in two 
ways : (i) Heat' the original mixture with concentrated nitric acid„ 
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till iodine and bromine fnmes are completely driven off. (n) Acidify 
a portion of the mixed solution with dilute sulphuric acid and add 
a little potassium permanganate and boil in a porcelain dish, till 
the bro^v^ colour of the solution disappears. Add more of permanga- 
nate and boil and repeat the process 3-4 times, until permanganate 
no longer gives brown coloui’. Now the mixture is free from 
bromide and iodide. Acidify with nitric acid and add silver nitrate. 
A white precipitate indicates the presence of ckolride. 


(3) Cyanide and chlonde—^oih of them give a white precipitate 
with silver nitrate, soluble in ammonium hydroxide and insoluble 
in nitric acid. Cyanides may be distinguished from chlorides by 
the evolution of carbon monoxide when treated with strong sul- 
phrn’ic acid, and by the Prussian blue test — (add caustic soda tO 
a soluble salt, and a few drops of ferric chloride solution, boil and 
acidify with hydrochloric acid ; a Prussian blue colour or precipitate 
would indicate 

If both are present, boil the mixed solution with an excess of 
concentrated nitric acid for 5 minutes. Hydrocyanic acid will 
be removed. Now test for chloride with silver nitrate. A white 
precipitate indicates chloride. 

(4) Sulphide^ sulphite^ sulphate and thiosulphate — ^Take the sodium 
carbonate filtrate and follow the following scheme: 

NasiS, NagSOg, NaaS 04 and NasSaOg, 

Shake with PbCO^ and filter. 


• 

Residue 
PbS (black) 

' ' -SULP HIDE. - _ _ 

Residue 
Sulphide and 
Sulphate 

! Acidify with excess^- 
HGl and filter. 


Filtrate 
Sulphite- 
Add Br 2 water 
and shake. 

A white ppt. 
SULPHATE 


Residue 

white 

SULPHITE 


Filtrate 
Add BaCIa in- 
excess and filter. — 

ri 

Filtrate 
Thiosulphate 
Acidify with 
HGl excess. 
White' ppt. of S 
and smell of SOj>. 
THIOSULPHATE 
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(5) Sulphide^ sulphite and sulpfiiate’^-^htn the mixture is treated 
'With dilute sulphuric acid , it becomes difficult to identify sulphide 
(if both are present together) only by the smell of the gases. If 
such a case is suspected; proceed as follows: — 

Shake about 10 ml. ofthe sodium carbonate filtrate with solid 
lead carbonate. In presence of sulphide, the coloiu of white carbo- 
nate will change to black, due to the formation of lead sulphidco 
Filter off the insoluble portion Remove whole of the sulphide 
in this way. Now acidify the solution with concentrated 
HGl and add BaCb : a white precipitate will be obtained if sulphate 
is present. Filter off the precipitate if any and add bromine water 
to the solution: the formation of a white precipitate again shows 
the presence of sulphite. 

(6) Nitrite and nitrate — ^If nitrite is present in the mixture, 
it is not possible to test for nitrate by heating the mixture with 
■concentrated sulphuric acid and copper turnings, or by the ring 
test because in both cases, nitrite will interfere. They may be 
tested as follows:— 

Test for nitrite with dilute sulphuric acid (nitrate will not 
interfere) and confirm its presence by exposing a filter paper dipped 
in KI , starch and dilute H2SO4 to its vapours, when the paper turns 
blue. 

Now boil a portion of the sodium carbonate filtrate with 
ammonium chloride (solid), or urea and dilute sulphuric acid. 
Thus nitrite is decomposed. When the whole of nitrite is decomposed 
(no test given with paper dipped in KI, starch and dilute H2SO4), 
add to it zinc and dilute H2SO4 and boil. The nitrate is thus 
reduced to nitrite and again we shall get the test for nitrite with 
paper dipped in KI, starch and dilute H2SO4. Thus nitrate may 
be tested in presence of nitrite. 

(7) Nitrate and broniide or iodid€~Er:Qm th.cc<y\o\xx Q^ the vapours 
obtained on heating the mixture with concentrated H2SO4, it is 
difficult to say whether they arc present together or singly. They 
can, however, be tested as follows:— 

{a) Nitrate and bromide — Take about 10 ml. of the sodium car- 
bonate filtrate, acidify it with dilute HgS04 and add zinc and warm. 
Nitrate is thus reduced to nitrite (bromide not effected) and can be 
tested with the help of a paper dipped in potassium iodide and 
starch. Flaving tested for nitrate, bromide can be tested as in (2). 

Alternatwely — ^Treat the acidified solution with a solution of 
silver sulphate. Bromide will be removed as silver bromide. 
Filter and test for nitrate in thel filtrate. 
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( 5 ) . Mitraie: and . iodide-^^Acidify •. about, ,10: ;mL of :,the sodium 
carbonate; filtrate with dilute H2SO4 and; iieat.'it.wi.tli .some, zinc*. 
If only nitrate is present, it will be reduced tO' nitrite and will. .give 
test with .KI and strach. ,. If both nitrate and, ,iod,ide,are present, 
we shall get iodine liberated from iodide by nitrous acid formed. 
Thus we shall .get. blue colour with starch^,_even without adding 
'KI.' ■ 

' Alternatmly—^Tx^^t the acidified soiut,ion with silver sulphate. 
Iodide is removed as silver iodide. Test for nitrate in, the filtrate. 

SECTION V. 

Examination of tlie InsolixMe Substances. 

The insoluble substances have been classified according to 
their colour. They are : 

Colour^ Substance 

1 . White AgCI, BaS04, SrS04, PbSO^, Calh (fluorspar), 

SnOg, SbaO^j, AlaOg. 

2 . Yellow AgBr and Agl, 

3 . Green Gr203 and 0x2(804) 3. 

4 . Black HgS. 

5 . Violet GrCIg. 

They can be tested as follows: — 

L White--{a) AgCl~{i) ^ It dissolves hi NH4OH. Add 
dilute HNO3 to this solution; the precipitate 

reappears. 

(u) The colour changes to \'iolet on expsure to 

light. 

(in) Prepare sodium carbonate filtrate,* it will 
give the test for sulphide. 

( 5 ) PhSO^ — ^(i) Prepare sodium carbonate filtrate, *it will 
give the test for sulphate. 

’^'Tjake about 0*2 g. of the insoluble and mix with I g. of NagCO^ and 
10 ml* of water* Boil for five minutes and filter. .Nf‘atralise the filtrate 
with an excess of dilute nitric acid and test for chloride with |i\gN 03 . 

**Take about 0*2g of the insoluble residue and mix with I g. !of Na-GOs 
audio ml. of water. Boil for five minutes and filter. Neutralise the filtrate with 
an excess of dilute nitric or .hydrochloric acid, and test for sulphate with 
BaClg* 
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INSOLUBLE' ^Sl^NGES''-- 

{ii) Heat a portion with a concentrated solution 
of ammonium acetate and acetic acid; it 
partly dissolves. 

Now filter and add K2Cr04 solution to it; 
a yellow precipitate is obtained. 

[c) BaSO^ and SrSO^ — '(i) Prepare sodium carbonate filtrate*; 

it will give the the test for sulphate. 

(u ) Perform the flame test with the washed sod ium 
carbonate residue and find out whether 
it ^,is barium (green) or strontium (crimson) , 

(m) T^e ^^sidue Itft in preparing the sodium 
carbonate filtrate should be treated with 
acetic acid and filtered. The filtrate can 
be tested for barium or strontium with 
potassium chromate or ammonium sulphate 
as in the Fifth Group. 

(d) CaF^ {fluorspar)— {i) Test for the fluoride with concentra- 

ted H2SO4 and sand. 

(n) To a portion of the insoluble residue, add 
' concentrated FI2SO4 and evaporate to dryness 
on a porcelain pieGe. This reaction should 
in fuming cupboard only. Do 
it fepeatcdly 3 or 4 times. Now the resi- 
due left will give flame test for calcium. 

Alternatively — ‘Heat a portion of the residue in a loop of platinum 
wire with concentrated sulphuric acid. Now, touch the residue 
with concentrated hydrochloric acid and apply flame test for 
calcium.' 

(^) 5n02 and — (i?) Take a portion of the insoluble 

residue, mix it with an equal weight of 
Na2G03 and twice its weight of sulphur 
and fuse it on a porcelain piece. 
As it is being heated, go on adding 
sulphur from time to time. Now treat the 
fused mass with water and add to it 
dilute HCi; (test for PIgS with lead acetate 
paper) ; an orange precipitate shows anti- 
mony, while a greyish-yellow precipitate 
, :/shows' tin. 

(J) Stannic oxide may also be tested by 
^ ^ flame mantle test. (See tin,) 



(/) Igaite , a-portioa of the insoluble residue 

with , -sodium carlx>nate in a charcoal cavity* 
Cool and add to it a few drops of cobalt 
nitrate.' Heat again. The formation ,of^ a 
blue mass shows the presence of ahiminiuma", 

. ,2a Yilkm^AgBr .orAgl, 

To portion of /the insoluble re sidue j, add zinc and dilute 
sulphuric acid^ und ■' ,boil.-;'AgBr 'and.' Agl are reduced.; ' to 
metallic silver which ■ can - be filtered off and washed. The 
filtrate is tested 'for^ bromide and iodide as usual. The residue 
can be tested for :silver by dissolving it in nitric acid and adding: 
dilute HGij when a white precipitate is fox'med. 

3 . ' Green — Gr^Oa — ^Fuse a portion of the insoluble salt 
with : equal weights of NajCOa and KNOs (or KClOs) on a 
porcelain piece, when a yellow mass is obtained. Dissolve 
it in water and add CHuCOOH and then lead acetate; a yellow 
precipitate is obtained. 

4 . Violei*^tCh — (x) Fuse a portion of the residue with 
equal weights of NasCOa and KNOa on a porcelain piece. 
Dissolve in water. Divide the solution into two portions ; (i) 
add acetic acid and lead acetate to one portion : yellow 

'■ precipitate k obtained — CHROMIU.M. " (ii) To another por- 
tion, add dilute nitric acid in and then silver nitrate. 

A white precipitate indicates CHLORIDE. 

5 . Grm—Cra (804)3— Fuse a portion of the green residue 
with sodium carbonate and potassium nitrate on a porcelain 
piece. Dissolve the fused mass in winter. Divide it into two 
portions: (i) To one portion, add acetic acid in excess, and 
lead acetate.- ,A,,yeiiow 'precipitate indicates CHROMIUM, 
(it) To another portion,- add. excess of dilute hydrochloric 
acid, and then barium., chloride. A white precipitate indicates 
SULPHATE. 

6. Black — HgS — Dis'solve, the residue in boiling aqua regia; 
dilute the solution and add stannous chloride: a white precipitate 
is obtained which turns grey on heating with excess of stannous 
chloride. The presence of MERCURY is thus indicated. Treat 
another portion of the residue with zinc and dilute sulphuric acid, 
hydrogen sulphide will evolve, which is tested with lead acetate 
paper., Black spot on the' paper indicates SULPHIDE. 
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ill 


Insoluble Residue 

(0 BaSO^, SrSO^, PbS04, («) AgCi, AgBr, Agl, (m) SnO,, 
36204, AI2O35 Fe203V(2V) CrCb, CaFg AsgSg. Treat 
.^with aqua regia to change AgBr and Agl to AgGL 
Add ammonia and filter. 


Ptltrate : 

Ag Cl 

Residue : Fuse with NaaCOg-fKNOg mixture and 
boil the product with water, and filter. 

; which ' ■ ' 

Residue : 

Contains 

Filtrate : Contains silicate 

reppts. on 

Fe2 Os (brown), Ba- 

aluminate, stannate, anti- 

adding 

COaSrCOa, PbCO*, 

moniate, arsenate. 

chromate 

HNO3. 

and unchanged SnOg, 

(yellow), sulphate and fluo- 

Test with Zn 

GaFo etc. 

Boil with 

ride and excess of NaaCOg. 

and H^SO* 

HGl and filter. 

Divide into a large and a 

1 small portion. 


Residue ; 

i Solution; 

Large portion : 

Small 


1 Brown 

Ba++,Pb++ 

Acidify and pass 

portion r 


Fe^Os ; 
confirm 

Sr++.Test 

HaS as in Second 

Test for 


; as in the 

Group for Sn, As 

SO4— . 


by borax 

group 

and Sb; evaporate 

Evaporate 

1 

bead. 

analysis. 

the filtrate to | 

dryness to remove 
silica and test for 
Al, and Gr in the 
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' PART IV 

SEMIMICRO ANALYSIS AND SPOT TESTS 
Section I — General Instructions 


The entire field, of chtmical^ analysis is nowadays divided 
into four groups in regards to the quantity one handles in the 
analysis; 

Class Weight of solid Volume of so IuHgu 

analysed analysed: 


Macro: Grams ' 0*5 g to 0*2 g 
Semimicro :Centigram 0*2 -0*02 g. 
Micro : Mill!, gram 2-0* 1 mg 

Ultramicro : Microgram 10-0*1 /xg 


more: than 20-10 ml.; 
10-0*5 ml. 

0*5 rnL-20 cu.mm. 
20-0*2 cu.mm. 


Since the year 1929, Spot Analysis has been introduced in 
most of the institutions as the routine analysis in place of the 
usual macroanalysis. The technique of semimicro analysis and 
spot tests is simple and economical. Ficgi has been the pioneer 
in this work and he and his students have considerably elaborated 
this technique since 1918. 


Most of the appliances used in semimiem analysis ' are 
miniatures of those used in macro analysis. The exception is the 
hand centrifuge which can be easily procured ‘ 

and the. eentrifuge tubes can be ■ blown by , | 

local glass blowers. 


TesHuhes and Centrifuge Tubes. Small pyrex 
test-tubes (75x10 mm., 4mL) or (100x1 2 
mm., 8 mi.) are used for reactions which do 
not require boiling. 

Wiien a precipitate is to be separated by 
centrifuging a test-tube with a tapered bottom, 
known as centrifuge lube is usually employed. 
One should not boil a substance in these tubes. 

Stirrers. Whenever solutions do not mix in 
scmimicro test-tubes or centrifuge tubes, the 
mixing is effected with the help of stirring 
rods. They are made by cutting 2 mm. dia- 
meter glass rod into 12 cm. lengths. One of 
the ends of the rod may be bent at 45 to 



Ui u 

4 ml. - 


Fig. I (a) Test 
tube tubes (b) 
Centrifuge tubes 
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serve as the handle. The sharp edges are firepolished by heating 
for a moment in a flame.' 

Suitable stirrers may also be cons- 
tructed by drawing out glass rods 
(Fig. 2.) 

Droppers > Droppers arc employed 
for handling liquids or solutions in 
semimicro analysis. Fountain pen ink 
droppers or eye-lotion droppers are 
familiar examples. (Fig. 3) A reagent 
bottle my be provided with a reagent 
dropper; its mouth may have a small ^ 
spout which delivers spots as desired. 

A standard commercial form of medi- 
cine dropper 



Fig. 2— Stirring rods 
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with a tip of 1-5 mm. inside diameter and 3 mm. 
outside diameter delivers drops of dilute 
aqueous solutions about 0*05 ml. in volume 
(20 drops per 1 ml.). The droppers are 
fitted with rubber caps (or teats) to help in 
taking in the solutions and delivering them 
as desired. 

Redgeut Bottles, A semimicro reagent bottle 
maybe constructed by inserting a reagent 
dropper through a cork or rubber stopper 
that fits a 30 to 60 ml. bottle. One or two 
ounce dropping bottles may be purchased 
with stoppers usually of hard rubber or 
plastic composition. (Fig. 4) Concentrated 
inorganic acids attack these rubber or plastic 
teats. Glass dropp- 
ing bottles may be 
used for these strong 
acids and corrosive 
reagents. Pipette 
bottles of 50 ml. 
capacity are also 
available. These 
bottles keep the 
reagents dust free. : 

Centrifuge, The 
separation of a- 
precipitate from a 
supernatant liquid 
is: carried' out with : 
the aid of a hand 



Fig. 3— Droppers 


Fig. 4 — ^Reagent bottles 
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centrifuge. (Fig.5) The separation is: effected by the application of 
a centrifugal force, which may be 'Several times that of gravity. 
I he lic|uid containing .the .suspendecl precipitate is placed in a 



'scmimicro centrifuge tube. , The tube and its contents and a similar 
tube containing an equal weight of water arc placed in diagonally 
opposite buckets of the centrifuge, and the cover is piaiced in 
position: upon rotation for a short time, allo^viiig the buckets to 
come to rest and removing the cover, it will be o}xscr\'eci that tiic 
precipitate has settled down at the bottom of' the ccntiifugo tiilic. 
(Some hand contrifuges are without the cover, "ihcy can be 
..fixed at the projections of laboratory benches.) This operation 
is known as centrifu gallon i it saves the labour and time for 
filtration. One can now easily remove the supernatant liquid 
by means of a capillary dropper. The clear rKpild is called 
supernats (or centrifugate or even cenlrate). The residue c«iu 
be easily washed by taking it along with watm’ and again ciai- 
trifuging and discarding the supernatant liquid; the process m.iy 
be repeated a number of times. 

The following points may be borne in mind while using a 
hand-driven centrifuge : 

(i) Tiie two tubes should be of the same size and the same 
weight, 

■ ■ (ii) The tube should not be filled beyond 1 cm, from the 
top. Spilling would corrode the buckets* 
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(iii) Before centrifuging a precipitate contained in a centrifuge 
tube, prepare a balancing tube by adding sufficient distilled water 
from a dropper to an empty tube of the same capacity ; the 
liquid levels in both tubes should be the same. 

(iv) Introduce the tubes in diametrically opposite position 
in the centrifuge; the head (or rotor as it is called) will then be 
balanced. Fix now the cover in its place. 

(v) Start the centrifuge slowly and smoothly, and bring to 
the maximum speed with a few turns of the handle. Maintain 
the maximum speed for 40 seconds, and then allow the centrifuge 
to come to rest of its own accord by releasing the handle. 

(vi) Never use centrifuge tubes with broken or cracked lips. 


Washing of Precipitates, as : one washes the precipitate 

on the filter paper to remove the small amount of the solution 
present along with the precipitate, similarly the precipitates sepa- 
rated in the centrifuge tubes are also to be washed. They should 
be washed at least twice. 

-To wash a precipitate in the centrifuge tube, 5-*10 drops of 
water or other wash liquid are added and the mixture is thorough- 
ly stirred by stirring rod or platinum wire. The centrifuge tube 
is then counterbalanced against another similar tube containing 
water to the same, level and centrifuged. The supernatant liquid 
is removed by a capillary dropper and the washing is again repeated. 

Wash Bottles , — A 30 or 60 ml. wash bottle would serve the 
purpose. A plastic wash bottle is also available and is convenient. 
A small conical flask fitted with a hand blowing device and a 
small delivery would be good for hot water. 



Fig. 6 


Removal and Addition of Drops, The drops of test solutions 
and agents are removed and carried by using glass tubing 
(20 cm. long and 3 rnm. wide). Tne tubings may be slightly 
drawn at the tip to forma pipette (fig. 6). For touching 
spot on a paper \vith reagent, a very small loop in a platinum 
wire may be utilised. 

Spot plate. The mixing of drops of reacting solutions 
may be carried out either on the spot plate, in micro- 
porcelain crucible; (1 ml. capacity), or on filter paper* 
Spot plate-! are made from glazed porcelain, and usually 
contain 6-12 adjacent depressions (as in the painter’s box 
for mixing colours) of equal size that hold about 0*5 to 1 
ml. of the liquid. For colour reactions, white glazed plates 
are prescribed, and for white or lightly coloured precipitates, 
black sp jt plates or shallow black porcelain dishes may 
be us id. An ordinary waich glass placed on a white or 
: black' pd|)er:uyouldalto-^-worki:M^'llv:i:'ri^ 
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Warming dma: For mamig the liquid in a micro-tcst-mbci 
a simple apparatus (fig. 7) constructed 
from the ^ aluminium wire is useful* 

The micro»test**tubes. are slipped thro- 
ugh .the openings and allowed to rest 
on their collars. The wire holder is' 
fitted oyer a , beaker, which can be 
filled with water at the desired tempe- 
rature* There is a' provision, for. two, 
tubes for comparison. , ■ 'Fig 7 

Micro-porcelain crucibles are mrA ht heatings whenever 
necessary* . They arc mualiy heated on an' asbestos mat, rather 
than over the direct flame* A silica watch glass is extremely 
useful for rapid evaporations and ashing. 

Predpitations. Precipitations are carried out in centrifuge tubes, 
on spot plates or on drop reaction paper* In the &st case, 
a drop of the precipitating agent is added to a drop of 
solution in a centrifuge tube. A sintered glass filter 
tube used for precipitation is shown in fig* 8. The 
precipitate is 'observed after: centrifuging*. In ,. ..many 
precipitations, the small amounts of precipitates are 
readily made visible by shaking up the fine suspension 
with ether; the precipitate is more dense at the ether- 
water layer* The grains are visible on rotating the tube* 

Drop Reaction or Spot Test Paper. Whatman No. 120 
is. a soft variety of pure, highly, porous paper ' and' ..this.,, 
can be used for reactions furnishing highly coloured preci- 
pitates. .The precipitate does not spread very far int the 
paper because of the filtering action of the pores of the 
paper* The white paper serves as an excellent back-ground 
for dark or coloured precipitates. The ^‘Spot paper, or Schleicher 
and Schull (No. 601)*’ my also be used* The 
ordinary filter paper placed in a Petri dish . would" 
also serve admirably* 

Impregnated reagent paper can be made by.laymg 
the strips of quantitative filter paper in the ■ reagent:: 
solution and drying in a drying oven* Or, the 
reagent may be sprayed over the filter, paper by: a 

sprayer* 

Filtration Device — The filtering apparatus consists 
of an Emich filter stick fi.tted through a rubber 
stopper into a spout walled suction test-tube (fig. 9). 
The capillary of the filter stick tcuches inside the 
tip of micro-k’St-tube inside the filter tube. The spot 
Fig* 9 Filtra- test may'' then' be 'carried out on tlie asbestos pad 
tion device of the filter 'stick, and when the reaction is com- 




Fig. 8 
Filter 
tube 
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plete on attaching the suction to a water pump, a drop of the 
clear filtrate comes through into the micro-test tube. 

Galey’s filter apparatus consists of a T-tube (fig. 10) of 6 mm. 
diameter, the short arm of which is closed by a rubber teat. The 
longest arm is closed by a piece of narrow vacuum tubing, and on 
the end is placed a small piece of filter paper cut to fit. A drop 
of the solution to be filtered is placed on the filter paper, while 
the capillary end is closed, and rubber teat is pressed. On relea- 
sing the teat, the drop filters into the T-tube, which can be easily 
transferred to the spot paper or on the spot plate. 

For heatings a micro-flame of a micro-burner 
is utilised. Microfusions are done in loops of platiaum 
wire. 

Cleaning of Apparatus, Scrupulous care for clean- 
liness should be taken. All apparatus should be 
thoroughly cleaned with a mixture of sodium 
dichromate (70 g.) in concentrated sulphuric acid 
(1 litre). One may also use a brush and cleansing 
powder. The apparatus is then rinsed several times 
with tap water and then with distilled water. The 
droppers and their rubber teats should also be 
washed with distilled water, and then allowed to dry Fig. 10 
on a linen glass cloth. At the end of the laboratory Galey’s 
work, the clean apparatus is placed in a box with Filter device 
cover. 

Section 11 — ^Organic Reagents for Spot Tests 

Aluminon. Ci 9 H^i 03 (G 00 NH 4 ) 3 , the ammonium salt of aurin 
tidcarbo'iylic acid. 0*1% solution in water. — For AL 

Benzidine, NH 2 .C 6 H 4 .G 6 H 4 .NH 2 — Its 0*5% solution in 10% 
acetic acid. — For Pb. 

a-Benzoin^oxime. G 6 pl 5 CHOH.C:(NOH).G 6 H 5 . Dissolve 5 g. 
in 100 ml. of 95% alcohoi. — ^For Cu. 

Cacotheline {Mitrated-lrucina) . 0*25% aqueous solution. — ^For Sn. 

Cinchonine'-potassium iodide. Dissolve 1 g. of cinchonine in 
100 ml. of water; add a few drops of cone, nitric acid and warm 
until solution takes place. After cooling add 2 g. of KI. — 'For Bi. 

Cupferron, G 6 H 5 N(NO)ONH 4 — >2% aqueous solution. — ‘For Fe. 

1:8 — Dihydroxynaphthalene — -3:6 — disulphonic acid (Ghromotropic 
acid) . Saturated aqueous solution — For Cr. 

Bimethyl-amino-henzylidene^rhodanine, Dissolve 0*03 g. in 100 
ml. of acetone.^For Ag. 
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Dmeihj,4gfyoxme. G^HgNaOg — ^Dissolve I 'g. in 100 ml. of 
alcohol.— For Ni. 

DmitwiMtiphmyim^ GO(NH.NHX?cH4NO. ; ,, 0* I % 

solution in ethyl aicohoL For Cd, 

Diphenykarb azide- (GgHgNH.NHjoGO. — [a) A cold siiluratfxl 
solution of the reagent is made in alcohol; saturate it with 
KCXS and a few crystals of Kl,~For Hg. 

{h) 0*2g, dissolved in 10 ml. of glacial acetic arid, diluted to 
100 rah with rectified spirit. For Mg. 

Nli— CX:!,,. 1% 

solution in etliyialcohoL— For Hg (ic). 

Bipbmjli/nocarbazone.—C^Iii^~yH.’NH—CS—y ~ 

2-5 nig. in 100 mi. of carbon tetrachloride or cldorofoiin, — 
ForFb. 

Dipicrylamine (Flexanitrodiphenylamine). — ! C 6 idijfN 02 ) 3 ] 2 NE[. 
2% solution in O’lA* — sodium carbonate (hot}- — For K. 

aa^ — Dipyridyl, -.■(G 5 H 4 'N) 2 . 0‘0i g. of the substance dissolv-* 
ed in 0*5 ml. of alcohol. For Fe (ous). 

NHa'G Hg (ic). 

Fermi. (7-iodo-8-hydroxyquinolinc"5-sulphonic acid). 0‘2% 
acj[ueoiis solution. For Fe. 

Gallocyanine, Its 1% aqueous solution. For Fb. 

4:-AIethyl-l , 2-dimercaptobenzene (I) ithiol ) . — SH ) s'GrJiy CHs — ‘ 
For Sn (ous). 

p-Pfitrobenzene-azo-resorcinol (Alagneson /). — • 

OsN-CfiFVNXN— G8H3(0H)2. 

Dissolve O'OOi g. of it in 100 ml. of 2 F' NaOH.— For Mg. 
p»Mtrobenzene-azo-a-naphthol^ {Alagncson //}, — 

OgN— C sH 4~N :N— Gi,He(OFI) . 

Dissolve 0*001 g. of the dyestuff in ICO ml. of A— XaOH. — - 
For Mg, 

4 JYitronaphthalene-diazoamino^-azobenzene {Cadion 2Ii). — 
O^N.QoHeNtN— NH.CeH4'N :N— G.Ha,— 

0*02% solution in alcohol.— For Cd. 

Make a saturated 

solution of the reagent in 50% acetic' acid —For Co. 
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Om?z^e JF.— Dissolve O’Ol g, of Tropeolin— OO in 130 ml. of 
water.— For .Zn. 

Oxine (8-FIydroxy-quinoline) . C9H7NO. Dissolve 2 g. in 
100 mi. of 2 acetic acid. — For Mg. 

o-Phenanthroline. G12H8N2. 0*1% aqueous solution. — For Fe« 

Picrolonic acid, — l-p“NitrophenyI-3“methyl-4-nitro-5"pyrazo- 

lone). — -For Ga. 

P^fogalloL 1 :3 :5.C0H3(OH)3' — 0*5g. in 5 ml. of water — ^For Bi. 

Quinaldinic acid (Qiiinoline-a-carboxylic acid). CgHgN.GOOH, 

1 g. of the acid is neutralised with Na OH and diluted to 100 mh — - 
ForZn: , , 

Qumalizarin, (1: 2:5:8 Tetrahydroxyanthraquinone) . 0*50% 
solution in 0*1 — ^For Al and Mg. 

RhodamineB. — ^Dissolve the dyestuff 0*01 g. in 100 ml. of 
water. — For Sb. 

Rubeanic acid, — NH2.GS.CS.NH2. — 0*5% solution in 95% ethyl 
alcohol. — ^For Gu. 

Sodium dihydroxytartrate-osazone , — 

(CeHg.NH— N:G— GOONa)^— For Ca. 

Salicylaldoxime, HON:CH.CgH4.0H. Dissolve 1 g. in 5 mL 
of cold ethyl alcohol. — For Gu. 

Sodium rkodizonate, (GO.GO.G.ONa)a. 0*5% solution in 
water — For Ba and Sr. 

Sidphosalicylic acid, S03H.G8H3(0H)C00H[. — ^Dissolve 5 g. in 
100 ml. of water. — For Fe. 

Tetra Base {Tetramethyl-diamino-‘diphenylmetha7ie , — 
GH2[GeH4N(GH3)2]2.- 

Dissolve 5 g. in 100 ml. of water; or 0*5 g. of the base in a 
mixture of 20 ml. of glacial acetic acid and 80 ml. of 96% 
ethyl alcohol. 

Thiosinamine, NHs-GS.NHCGHg.GH.GHa).— Dissolve 5 g. of 
the reagent in 100 ml. of water. — ^For Gd. 

Thiourea, NH^.GS.NHa. — Prepare its 10% solution in water. — ^ 
For Bi. 

Titan . yellow, (Clayton yellow) — -Prepare its 0*1% solution 
in water.— For Mg*. 


Seetiottlll— Use of Orgaitiie fleageats ia %ial:itativeAaalf sis*' 
LEAD 

L ^^TetraBase'^^ or tetramethyldUmim-diph^^^^^ melhane* 

Place ! mL.of the test solutioa' in 5 m!..ccrUrifu! 5 ^e tube, add 
1 ml ofKOH (JIM) and I ml of 3% hydrogen peroxide. Separate 
the precipitate of lead plumbate ; ■ add 2 ml ■ of the reagent, shake 
and cen.ttifngc. Supernatant liquid would be coloured blue. 

^The ions of Bi, 'Mn, Co and Ni (also Ge and Tl). giyea' 
similar reaction. , . , 

Prepare the , reagent by dissolving' .0*5 g. of the base in 'a, 
niixtiue of 20 ml. of glacial acetic acid and 80 ml. of ,,96% 'ethyl 
alcohol 

2. Benzidine Reagent {benzidine blue ) : 

Place a drop of the test solution upon the drop-reaction 
paper, and treat successively with 2 drops of NaOPI and 1 
drop of saturated bromine water. Add 2 drops of I :l ammonia 
solution, remove the excess of ammonia by waving the paper 
on a small flame. Add two drops of the reagent: a blue colour 
is developed. 

The ions of Bi, Mn, Go, Ni, Ag (and also Ce and Ti) answer 
this test, but if performed in an alkaline extract, only TI interferes. 

3. Gallocyanine Reagent: 

Place a drop of the test solution upon drop-reaction paper, 
followed by a drop each of 1% aqueous pyridine and gallocy- 
anine reagent (blue)* Remove the excess of the reagent by placing 
several filter papers beneath^ the .-tdrop reaction-paper and adding 
drops of the pyridine solution to the spot luuii the wash liquid 
percolating through: is. colour less; move the filter papers to a fresh 
position after each addition of pyridine. A deep violet spot is 
produced* 

The test is applicable to finely divided lead sulphate. Therefore, 
if Ag,..Bi, Gdor Cu is present, transfer a drop of the test solution 
to a drop reaction-paper, and add a drop of 2M sulphuric acid 
to fix Pb as PbS 04 ; remove the soluble sulphates of Ag, Guetc. 
by washing with 2.iV‘-sulphuric acid, then with spirit; dry the 
paper on water bath and then apply the gallocyanine test. 

The reagent consists of a 1% solution of gallocyanine in water. 

4. Diphenylthiccarbazorj Reagent (DithzZone Reagent) : 

Place 1 ml.^ of the neutral or faintly alkaline solution in a 
micro test-tube, introduce a few small crystals of KGN and then 
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2 drops of the reagent; shake for 30 sec. The green colour of 
the reagent would change to red. 

Heavy metals like Ag, Hg, Gu^ Gd, Sb, Ni, Zn etc, interfere 
with this test if not carried in presence of an excess of KGN; an 
excess of KOH is also necessary if Zn is present. 

The reagent is prepared by dissolving 2-5 mg. of dithizone 
in 100 ml. of carbon tetrachloride or chloroform. 

'' , ■ SILVER 

Fara-dimethylammo-^benZylidene-rhodanine Reagent: 

Spot the test solution on drop-reaction paper, add 1 drop of 
A-nitric acid and then a diop of the reagent. A red-violet 
precipitate or stain is formed. 

IfHg is also present, treat a drop of the test solut'cn with a 
drop of 5% KGN solution, and then with the reagent, and a drop 
■of 2N nitric acid. A red colour would be obtained if Ag is 
present. 

The reagent consists of a 0*03% solution of the substance in 
acetone or in alcohol. 

MERCURY [1C) 

1 . Ethylenediamine Reagejit : 

A dark blue-violet precipitate of the complex [Gu eng] [HglJ 
is formed when a mercuric salt in neutral or faintly ammoniacal 
solution is treated with excess of 2% KI solution, followed by the 
ethylenediamine reagent. 

The reagent is prepared by treating a solution of cupric sulphate 
with an aqueous solution of ethylenediamine (5-6 times the theo- 
retical quantity), until the dark blue-violet coloration, due to the 
[Go ion appears and does not intensify in colour on further 

■addition of the base. 

Gadmium ions interfere in this reaction. 

2. DipLenylcarbaZone Reagent: 

Place a drop of the test solution and a drop of 0’2JV’ nitric 
acid upon drop reaction paper, which has been moistened with 
the reagent. A violet or blue coloration would result. 

The reagent consists of a 1% solution of the substance in 
90-100% ethyl alcohol. 

BISMUTH 

1 . Pyrogallol Reagent : 

0*5 g, of pyrogallol is dissolved in 5 ml. of water. This is 
added to a hot solution of a bismuth salt faintly acid with dilute 


VZ2 

HCl or nitric acid. It would famish a yellow precipitate of the 
complex Bi (C^HGOa)., Antimony interferes witli this test and 
therefore it shouli be- .absent' before' trying this test, 

2. Cmchonifie-KI Reagent: 

This rertgent forms orange-red coloration or . precipitate with 
a Bi salt; the precipitate has the composition of bismuth-cinchoruae- 
iodidc (Bihrcinchoriines. HI) in faintly acid ' solution. 

Moisten a piece of drop reaction paper witli the reagent 
and |:)lacc a drop of the slightly -acid test solution upon it. Aii . 
orange-red spot is obtained. 

Pb, Hg aufl Gu salts in ter fere, with this test. 

The reagent is p.repa red by dissolving I. g. of cirichoiiinc in 
100 ml. of hot water, containing a few drops of nitric acid; the 
' solution is cooled and the.n -2 g. of.KI is added. 

3. Thiourea : 

It furnishes intense yellow coloration in presence of dilute 
nitric acid (test on spot plate or drop reaction paper). Hg (ous)^ 

. Ag, Sb, Fe (ic) and chromates interferCj and therefore they should 
be absent. 

The reagent is 10% aqueo!is solution of thioiuca. 

COPPER 

1. a — Benzoin Oxime Reagent {Cnpron Reagent ) : 

It furnishes a green precipitate of copper benzoin 
Cu (GiJiitOgN), insoluble in dilute ammonia. Addition of 
sodium potassium tartrate would prevent the precipitation ^ of 
such other metallic salts as may interfere. The reagent is specific 
for Cu in ammoniacal tartrate solution. 

Treat drop-reaction paper with a drop of weakly acid test 
solution and a drop of the reagent^ and then hold it over ammonia 
vapour. A green coloration would be obtained. 

Prepare the reagent by dissolving 5 g. of a-benzoin oxime in 
100 ml of 95% alcohol. V ' 

2. Salicylaldoxime Reagent 

Place a drop of the test solution (which has bcon first 
neutralised and then acidified with acetic acid) in a micro 
test-tube and add a drop of the reagent. A yeiiow-green preci- 
pitate or opalescence is obtained. 

The reagent is prepared by dissolving 1 g, of' the substance 
in 5 mb of cold alcohol and pouring the solution drop by drop 
into 95 ml. of water^ the mixture 'shaken and filtered. 
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3 . Rube anic acid Reagent {Dithio-oxamide Reagent) 

Place a drop of the neutral test solution upon drop-reaction 
paper, expose it to ammonia vapour and a drop of the leagent, 
A black or greenish-black spot is produced. 

If nickel is present : Impregnate drop-reaction paper with 
the reagent and add a drop of the test solution acidified with 
acetic acid. Two zones are formed : the central olive green or 
black ring is due to copper, and the outer blue-violet ring is clue 
to nickel. 

If cohalt is presen t : The central green or black ring of copper 
is surrounded by a yellow-brown ring of cobalt. 

The reagent consists of a 0. 5% solution of rubeanic acid 
in 95% ethyl alcohol. It should be freshly prepared. 

CADMIUM 

1. Dinitro-p-diphenylcarbaZide Reagent 

Place a drop of the acid, neutral or ammoniacal test solution 
on a spot plate and mix it wdth 1 drop of 10% NaOH solution 
and 1 drop of 10% KGN solution. Introduce 1 drop of the 
reagent and 2 drops of 40% formaldehyde solution. A brown 
precipitate is formed which rapidly changes to greenish-blue 
(compare with a blank solution) . 

The reagent consists of a 0*1% solution of the substance in 
alcohol. 

2. ^'^nitronapkthalene-diaZoamino-azobenZene Reagent {Cadion 2B 
Reagent ) : 

Place a drop of the reagent on drop reaction paper, add 1 
drop of the test solution (slightly acidified with acetic acid contain- 
ing a little K-Na-tartrate), and then 1 drop of 2K KOH. A 
bright pink spot, surrounded by a blue circle is produced. (Na- 
K-tartrate prevents the interference of Gu, Ni, Co, Fe, Cr and 
Mg; Ag and and Hg also interfere which should be removed). 

The reagent is prepared by dissolving 0*02 g. of the substance 
in 100 ml. of ethyl alcohol, adding i ml. of 2JV‘ KOH. (Do not 
warm the solution.) 

ANTIMONT 

Rkodamine-^B Reagent {TetraetkyURhodamine Reagent) 

The test solution should be strongly acidic with HGl, and 
the antimonious antimony oxidised by the addition of a little 
solid sodium or potassium nitrite. Place 1 mL. of the reagent 
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on a spot plate and add 1 drop of the test solution. The bright 
red colour of the reagent changes to blue. 

The reagent is prepared by dissolving 0‘01 g. of rliodamine-B 
in 100 ml, of water (or 0.05 g. of the reagent in a 15% solution 
of'KCliii2jVHCl). , 

In Dimethylglyoxime-FeTric chloride Test: 

No coloration is obtained when ferric salts are mixed with" 
the dimethyl glyoxime reagent and a little ammonia solution, 

but if a trace of ferrous salt is present (produced by reduction 
with stannous ions), a deep red coloration due to the formation 
of ferrous dimethylgly oxime chelate c omplex is obtained. 

Place 0*2 nil. of the test solution containing stannous tin in 
a micro test-tube, acidify (if necessary) with dil. HGl, add 0.2 
ml. of 0-iJV^ FeCh solution, followed by 0*3 ml. of 5% tartaric 
acid solution (to prevent the formation of ferric hydroxide), 3 
drops of dimethylgiyoxime reagent and about 0*5 ml. of 4jV 
ammonia solution. A red coloration is obtained. 

The reagent solution is obtained by dissolving 1 g. dimethyl- 
giyoxime in Too ml. of ethyl alcohol. 

2. Cacothehne Reagent (a nitro-derivative of brucine alkaloid). 

The test solution should be acidic {2N HCl). Tin if stannic 
should be reduced by treatment with aluminium or magnesium 
filings and HGl and the solution filtered. 

Impregnate drop reaction paper with the reagent, and before 
the paper is quite dry, add a drop of the test solution. A 
violet spot, surroundeci by a less coloured zone, appears on the 
yellow paper (one may also test in a micro-test-tube). 

The reaction is sensitive but not selective. The interfering 
ions are Hg, Bi, Sb, Go, Ni (V, U, Te, Aiv Pd, Se, Mo, and W). 

The reagent is 0.25% solution of cacothehne in w-ater. 

3. DiaZine Green Reagent (a dyestuff obtained by coupling 
diazotxsed safranine with dimethylaniline) : 

Mix one drop of the test solution on a spot plate with 1 ml* 
of the reagent. The colour changes from blue to violet or red 
(compare with a blank) . , 

The reagent is prepared by dissolving 0*01 g. of the dyestuff 
in 100 ml. of water. 
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Titanous salts also give this test, but not ferrous. The 
solution of the sulphides in HGl is reduced with iron wire, A1 or 
Mg powder and a drop of this reduced solution is used for Sn (II) 
•test. ■; 

4, A:-MethyU \ : 2—dimercapto-henZene Reagent {Dithiol Reagent ) : 

Place two drops of the test solution, acidify with dil. HGl in 
a micro-crucible and add 3 drops of the reagent and warm ; a red 
colour or precipitate develops. 

The interfering ions are Ag, Pb,Hg,Gd, As, Sb (yellow pre- 
cipitate); Bi (red precipitate); Gu 5 Ni,Go (black). 

The reagent is prepared by dissolving 0*2 g. of the substance 
in 100 mi. of 1% NaOH solution and adding 0*3 g. of thioglycollic 
acid. 

IRON (OUS) 

1. aa ' — Dipyridyl reagent \ 

Test on a spot plate a drop of the faintly acidified test 
solution with 1 drop of the reagent. A red coloration is obtained. 
(Or test with drop reaction paper, impregnated with the reagent, 
and dried, with a drop of the test solution: red or pink spot). 

The reagent is prepared by dissolving O’Olg. of the substance 
in 0*5 ml. of alcohol or in 0*5 ml. of OT JV* HGl. 

2 . Dimethylgly oxime Reagent : 

Mix a drop of the test solution with a small crystal of 
tartaric acid; introduce a drop of the reagent, followed by 2 
drops of ammonia solution. A red coloration appears. The 
coloration fades on standing due to the oxidation of ferrous 
to ferric. 

The reagent consists of a 0* 1 % solution of the substance in 
alcohoL 

Ni,Go and Gu salts interfere in this test. 

3 ^0 — Phenanthroline Reagent : 

Place a drop of faintly acid test solution on a spot plate 
end add 1 drop of the reagent. A red colour is obtained. 

If iron is present in the ic form (Fell!), it must first be 
reduced to ous (Fe 11) form with hydroxyiamine hydrochloride. 

The reagent is a 0*1% solution of the substance in water. 

IRON {IC) 

i . Ciipferron Reagent [Ammoiiium salt of nitrosophenyihydroxyl- 




Malytigal chemistry 

The reagent furnishes reddish-brown precipita'e with ferric 
rails in presence of hydrochloric acid. Al and Gr are not pre- 
cipitated under these conditions, i. e., if the solution is strongly 
acdic. 

The reagent is prepai'ed by dissolving 2 g. ff the solid in 
100 niL of water. It ihould; be freshly prepared or stocked in 
presence of a piece of ammonium ca bjnate. 

2. 7-Iodo>^^^hydroxyquinoline-5"‘Sulphonic acid (Ferron Ib agent) ^ 

Place a Lw drops of the slight y acid test solution in a 
micro test-tube and addadrop of the reagent. A green cole rati an 
appears. 

The reagent solution is prepared by dissolving 0*2 g. of the 
substance in 100 ml. of water. 

ALUMINIUM 

1 . Aluminon Reagent (ammonium salt of aurin tricarboxylic 
acid): 

The testis applied to the ahiminium hydroxide pr* cipitate; 
in 2 ml. of M HGl, this precipitate obtained from the group 
analysis is dissolved, and 2 ml. of 3M ammonium acetate solu- 
tion is added, and then 2mL of0*i% aqueous solution of 
the reagent, 'fho mixture is shaken and allowed to stand for 
5 minutes, and then is a:’ded an excess of ammoniacal 
ammonium carbonate solution to decolorise the excess of the 
dyestuff and lakes due to the traces of Cr and silica. Aluminium 
gives a bright red precipitate (or colour) which persists in the 
alkaline solution. 

The reagent is prepared by dissolving 0*1 g. of the substance 
in 100 mi. of water. 

2* Alizarin Reagent : . 

Soak the filter paper or drop-reaction paper in a satiuated 
alcoholic solution of alizarine and dry it . Place a drop of the 
acid test solution on the paper and hold it over ammonia 
vapours until a violet colour (due to ammonium alizarinate) 
apjpears. In the presence of large amounts of aluminium, the 
colou" is visible almost immediately ; aluminium gives a red 
lake with the alizarine reagent. (It is best to dry the paper at 
100° v.hen the violet colour due to ammonium alizarinatc 
disappears owing to its conversion into ammonia and alizarine). 

The reagent is a saturated alizarine solution in alcohol. 

3. AUzarin-S {or sodium alizarin sulphonate) Reagent : 
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Place a drop of the test solution (aiuminiuni hydroxide pre- 
cipitate just dissolved in sodium hydroxide) on the spot plate ; 
add a drop of the reagent, then drops of acetic acid until the 
violet colour just disappears, and 1 drop in excess. Red precipitate 
or colour would appear if aluminium is present. 

The reagent is a 0*1% solution of the substance in water. 

4. Qtdnalizann Reagent ( 1 :2 :5 :8— ‘Tetrahydroxy-anthraquinone) : 

Place a drop of the test solution upon the reagent paper ; 
iiold it for a short time over a bottle containing strong ammonia 
and then over glacial acetic acid until the blue colour of ammonium 
quinalizarinate first formed disappears, and the unmoistened paper 
regains the brown colour of free quinalizarin. A red-violet or red 
spot is formed. 

The reagent paper is prepared by soaking quantitative filter 
paper in a C[uinalizarme solution (0* 01 g. dissolved in 2 mi. of 
pyridine and then diluting with 20 ml. of acetone.). 

CHROMIUM 

Convert chromium salt to a chromate by oxidising with 
bromine water in an alkaline solution, or by treating with an 
alkali persulphate (in the presence of a trace of silver salt, whicR 
acts as a catalyst). 

1. D iphenylcarh azide Reagent \ 

Place a drop of the test solution in mineral acid on a spot 
plate; introduce a drop of saturated bromine water, then add 
2-3 drops of 2jV‘-KOH (render the solution alkaline to litmus). 
Mix thoroughly, add a crystal of phenol, then a drop of the 
reagent, and finally 2 jV sulphuric acid drop by drop until the 
red colour (from the reaction between the reagent and the 
aihali) disappears. A blue-violet coloration is obtained. 

The reagent is 1 % solution of the substance in alcohol. 

2. l:S“Dihydroxy?iaphthalene-3: 6-disulphonic acid Reagent {ChrO’- 
7110 tropic Reagent ) : 

Place a drop of the test solution in semi-micro test-tube, add 
a drop of the reagent, a drop of dilute nitric acid (1:1) and 
dilute to 2 ml. Chromates give red coloration. 

The reagent is a saturated solution of the substance in water. 
COBALT 

1 . a-Jsfitroso-^-naphthol Reagent : 

The reagent furnishes reddish-brown precipitate of cobalti- 
nitroso-^-naphthoi (inner complex) in acidic solution (HGl or 



acetic acid)* The precipitate is extracted with GGI4 (claret- 
coloixred solution) , 

The precipitates are also given by Fe (II and III) Ni and 
utanyl salts. Ni complex is soluble in diL HGl; Fe(III) does not 
furnish precipitate in presence of sodium fluoride and uranyl ion 
may be removed as uranyl phosphate. 

Place a drop of the faintly acid solution to be tested on the 
drop reaction paper, and add a drop of the reagent. A brown 
stain is produced if cobalt is present. 

The reagent is a 1 % solution of the substance in 50% acetic 
acid (or in alcohol or acetone) . 

2. Sodium \-Jsfitroso^2'-hydroxynapkthalene^Z : 6-’di‘’Sulphonate 
Reagent (Nitroso-R-salt Reagent) . 

Place a drop of the neutral test solution (buffered with sodium 
acetate) on a spot plate, and add 2-3 drops of the reagent. A red 
colouration is obtained. 

The reagent is 1 % solution of the substance in water. 

3. Rubeanic acid Reagent {Dithio-oxamide Reagent) : 

Place a drop of the test solution upon drop-reaction paper, 
hold it in ammonia vapour, and then add a drop of the reagent. 
A brown spot or ring is obtained. 

The reagent is a 1% solution of the substance in alcohol. 
NICKEL 

L Dimethyl glyoxime Reagent (C4H8O2N2) : 

Place a drop of the test solution on the drop-reaction, paper, 
add a drop of the reagent, and hold the paper over ammonia 
vapours. A red spot is obtained. 

The reagent is 1% solution of the substance in rectified spirit. 
The reagent may also be used for quantitative precipitation of 
nickel. 

The interfering ions are: Fe (II), Go (if present in large 
excess), Pd, Pt and Au. 

2. a-Nitroso-p-naphtkol Reagent: 

Nickel salts furnish brown precipitate with the reagent, which 
is soluble in dil. HGl (difference from Go which gives a reddish- 
brown precipitate, insoluble in. dil. HGl). 

3. Rubeanic Acid Reagent: 

Place a drop of the test solution upon drop-reaction paper, 
hold it over ammonia vapour and add a drop of the reagent. A 
blue or blue-violet spot is obtained. 

' The reagent is 1% solution in alcohol. 
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MANGAMESE • , ■ 

Formaldoxime Reagent 

Place 2 ml. of the test solutioa (just alkaline with 4jV"NaOH| 
into a semimicro test-tube, and add 1 drop of the reagent, A red 
coloration is obtained. 

The reagent is a 2*5% solution in water. 

1. Quimldinic Acid Reagent (Qiiinoline-a-carboxylic acid) ; 

A fer drops of this reagent when added to a solution con- 
taining Zn ions (faintly acid with acetic acid) furnish a white 
precipitate of the zinc complex, soluble in ammonia and in mine- 
ral acids. The ions interfering are of Gu, Cd, Fe, Cr, (also 
uranyl) ; Go, Ni and Mn ions have no effect. The test is very 
sensitive for Zn, 

The reagent is obtained by neutralising 1 g. of the substance 
with NaOH solution and dilution and diluting to 100 mi. 

2. Potassium ferricjpanide-p^Pkenetidine Test . — > 

Prepare the reagent by mixing 6 drops of 2% potassium- 
ferricyanide solution, 2 drops of jV-suIphuric acid, and 6 drops of 
2% p-phenetidine hydrochloride solution. 

To OT ml. of the freshly prepared reagent on a spot plate, 
add a drop of the test solution. A purple to blue coloration or 
precipitate would appear if Zn is present. 

BARIUM 

Sodium RhodiZo7iate Reagent: 

Place a drop of the neutral or faintly acid test solution upon 
drop-i'eaction paper and a drop of the reagent. A brown or 
reddish-brown spot is obtained. 

Ca and Mg salts do not interefere in this test; Sr salts furnish 
a precipitate which is completely soluble in dil. HGL If Sr is- 
present, then the reddish-brown stain of barium rhodizonate is- 
treated with dtl. l-IGl f0.5v¥), the Sr stain would dissolve, while 
the barium stain would be converted to brilliant red acid salt.. 
(Garry out the reaction on drop-reaction paper) * 

The reagent is 0*5% aqueous solution of sodium rhodizonate 
(freshly prepared). 

STRONTIUM / 

Sodium Rhodizonate Reagent: 

If Ba is absent, place a drop of the neutral test solution on 
drop-reaction paper or on a spot plate; add a drop of the reagent. 
A brownish-red coloration or precipitate would be obtained. 

9 , , ' 
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If Ba is present: Impregnate quantitative filter paper with a 
saturated solution of potassium chromate and dry it. Place a 
drop of the test solution on this paper and after a minutes place 
1 drop of the reagent on the moistened spot, A brownish-red spot 
or ring is formed. 

CALOIUM 

1. Sodium dihydroxytartrate Os alone Reagent: 

Place a drop of the neutral test solution on a black spot 
plate (or on a black watch glass). Add a tiny fragment of the 
solid reagent. If calcium is absent, the reagent dissolves comple- 
tely. The presence of calcium is indicated by the formation over 
the surface of the liquid of a white film which finally appears as a 
dense precipitate. 

2. Picrolonic Acid (l-p-Nitrophenyl-3-methyl-4-nitrO“5-pyrazo- 
lone) Reagent: 

Place a drop of the test solution (neutral or acidified with 
acetic acid) in the depression of a warm spot plate and add 1 
drop of a saturated aqueous solution of picrolonic acid. Charac- 
teristic rectangular crystals are produced. 

MAGNESIUM 

1. DiphenyUcarbazide Reagent (GgHg.NH. NH.GO.NH.NH*-* 

CeHfi):* 

Treat the magnesium salt solution with NaOH solution, and 
get a precipitate of Mg(OH) 2 ; then treat with a few drops of 
the reagent and filter. Wash the precipitate with hot water. 
A violet-red colour would indicate the presence of Mg (an adsorp- 
tion complex is formed). 

The reagent is obtained by dissolving 0‘2g, of the substance 
in 10 ml. of giacial acetic acid and diluting to 100 mi. with 
rectified spirit. 

2. S-Hylroxy-qiiinoline Reagent {Oxine Reagent) : 

Treat the solution containing Mg salt and a little ammonium 
chloride \^ith 1-2 ml. of the reagent in (which has been made 
alkaline by adding ammonia solution in excess : 3-4 ml. of 
ammonia solution), and heat the mixture to boiling. A yellow 
precipitate of the complex is obtained. 

The reoge.it is a 2% solution of oxine in 2N acetic acid. 

3. ■p»Nitrjbmleri3--aZo^resordnol Reagent [Magueeon I Reagent): 

The reagent is a dyestuff which is adsorbed upon magnesium 
hydroxide in alkaline solution, furnishing a blue lake. 
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Take 2 mlv of tile test sc>iution (aeidified with HOI) j and 
treat with 1 drop of the reagent and sufficient -Jsf NaOH solu- 
tion (2-3 nil. ). A blue precipitate would appear if Mg is 
present. (In semimicro te^tj perforin a blank test side by side)* 
All metals except the alkali metals must be absent while perform- 
ing this test. 

The reagent (for macro analysis) is a 0.5% solution of the 
substance in 0* 25 vY NaOH solution. 

-i,:Spot Test* Place a drop of the test solution on a spot plate, 
and add 1-2 drops of the reagent. Add a drop of. jV*-NaOH. 
A blue precipitate or a blue colour would be obtained (depending 
on the Mg concentration). Perform a blank test with distilled 
water. Filter paper or drop-reaction paper should not be used. 

The reagent is O’OOl g. of the dyestuff dissolved in 100 ml. 
ofjV’-NaOH.^ 

4. p-^Nitrobenzene-eazo^a'rnaphtkol {Magneson II) 

It furnishes the same colour changes as Magneson I, but is 
more sensitive (1 in 250,000). 

5. Titan Yellow Mecigent : 

It is a water-soluble dye-stuff, yellow in colour. It is adsorbed 
by Mg (OH ) 2 producing a deep red colour or precipitate. 
(Ba and Ca do not react but intensify the red colour). Elements 
of Groups I to 1 1 IB should, be removed (Ag group to Zinc group). 

Place a drop of the test solution on a spot plate, add a drop 
of the reagent and a drop of OT JV* NaOH. A red colour or 
red precipitate is produced. 

The reagent is 0*1% aqueous solution of the dyestuff. 

6. Quinalizarin Reagent : 

Place a drop of the test solution and a drop of distilled water 
in adjacent cavities of a spot plate and add two drops of the 
reagent to each. If the solution is acid, it will be coloured 
yeliowish-red by the reagent. Add 2N NaOH until the colour 
changes to violet and a further excess to increase the volume by 
25-50%. A blue precipitate or coloration appears. The blank 
one has a blue- violet colour, ^ 

The reagent is 0*01-0*02g. of the substance in 100 ml. of 
alcohol. 

POTASSIUM 

Dipicrylamine Reagent {Hexanitrchdiphenylamine Reagent) 

Place 3 drop of the neutral test solution upon drop reaction 
paper and immediately add a drop of slightly alkaline reagent. 
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Aa orange-red spot is obtained (which remains unaffected when 
treated with i-2 drops of2jy HQl). 

The reagent is prepared by dissolving 0*2g, of the substance 
in 20 ml, of boiling O’i JV-sodium carbonate, dnd filtering 
cooled liquid. 

SODIUM 

Spot tests may be done by (i) uranyl magnesium acetate solution 
which furnishes yellow crystalline precipitate with concentrated 
sodium solutions. (The reagent is prepared by mixing 10 gi 
uranyl acetate dissolved in 6 g. of glacial acetic acid and 100 
ml. of water.— Solution A; 33 g. of magnesium acetate are 
dissolved in 10 g. of acetic acid and 100 ml. of water. — Solution 
B, The two solutions A and B are mixed and allowed to stand 
for 24 hours and filtered.) 

(ii) Uranyl zinc acetate is sometimes preferred to uranyl 
magnesium acetate. It also furnishes yellow crystalline pre- 
cipitate with sodium ions. The reaction is fairly selective. The 
reagent is prepared in the same way as indicated above : Solution 
A — 10 g. uranyl acetate, 6 g. acetic acid (30%) and water to make 
50 ml. Solution B — 30 g. zinc acetate, 3g. of 30% acetic acid, 
and water to 50 ml. 

AMMONIA 

It is best tested with Nessler^s Reagent: 10 g. of KI in 10 
ml. of water, saturated mercuric chloride solution (60 g, per litre) 
then added till a permanent precipitate is formed, then 80 ml. 
of 9Af-KOH solution added and diluted to 200 ml. The reagent 
furnishes brown precipitate or brown or yellow coloration with 
ammonium salts. 

Mix a drop of the test solution with a drop of cone, 
NaOH solution on a watch glass. Transfer a micro drop of 
the resulting solution or suspension to drop reaction paper and 
add a drop of Nessler’s reagent. A yellow or orange red stain 
or ring is produced. 

(ii) Sodium cohaltinitrite solution furnishes yellew precipitate 
of ammonium;|cobaitinitrite with ammonium ions. 

^ii) Chloroplatinic acid solution furnishes yellow crystalline 
precipitate with ammonium ions. This decomposes when warmed 
with NaOH solution evolving ammonia. 

{id) Saturated sodium hydrogen- tartrate solution furnishes white 
precipitate with ammonium salts (this is slightly more soluble 
than the^ corresponding K-salt ; it evolves ammonia when 
heated with NaOH solution.) 
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(v) p’^Nitrobenzene-'diazonium chloride Reagent {Riegler^s Reagent) 

a drop of neutral or slightly acid test solution on a 
spot plate, followed by a drop of the reagent and a fine granule 
ofCaO between the two drops. A red zone forms round the 
calcium oxide (carry out a blank test). 

The reagent may be prepared by diazotising p-nitraniline 
with sodium nitrite and hydrochloric acid. 

Section IV — Group Analysis — Basic Radicals 

In order to analyse the mixture qualitatively by the semimicro 
method, take a small quantity of the mixture (covering one 
spatula) , and prepare its solution in a 10 ml. test-tube. 

The insoluble chlorides of Group I must be precipitated from 
an acid solution. If the unknown solution is basic or ammoniacal, 
it should be acidified first with nitric acid. Remember that in an 
ammoniacal solution, silver is present as [Ag(NH3)2]‘^ 
and in sodium hydroxide solution, lead is in the form of HPbOa"“ 
ion. Upon acidification with dilute nitric acid in excess, these ions 
are converted into simple cations. 

Group I-Agy Hg (pus) and Pb, 

The mixture dissolved in an excess of dil. HNO3 is cooled and 
1-2 ml. of it taken. Add to it drop by drop 4 JV* HCl with stirring* 
After adding 5-10 drops of the acid, centrifuge, add an additional 
4-5 drops of 4jV‘ acid to the clear supernate. If a precipitate 
forms, add an additional 5-10 drops of 4^* HCl. Centrifuge, 
then add 4-5 drops more of HCL to ensure complete precipitation. 
Stir thoroughly and centrifuge. 

Analyse the precipitate (or residue) for AgCl, HgoGL and 

FbCig. 

Use the supernate for the subsequent groups. 

Residue^ AgGl, PbGl2 and Hg2Cl2. Wash the precipitate with 
1-2 ml, of water. Then add 4 ml. of distilled water. Heat to boiling 
and centrifuge immediately. Decant the supernate to a clean 
test-tube. Again add 3 ml. of water to the residue, heat to 
boiling and centrifuge immediately. 



Add the supernate to the previous superiiate. 



Supernate Solution — > Hg^ Gig 

Pb — 'Divide in Wash the ppt. with hot distilled water. 

2 portions. Now add 4 ml. of warm 6 jV-ammonia 

(i) Add about 5 solution. Centrifuge. Decant the supernate 
drops of 6M- to a clean tube. 

acetic acid and 
2 ml. of 0,5M 

K 2 Gr 04 — ^ Supernate— Residue : HgNH 2 Gl+ 

Yellow PPL— Pb. [Ag(NH 3 ) 2 ]+ Hg". 

1, Add 6M- If black— 

(ii) Add one drop: nitric acid Dissolve the black ppt. 

of KI solution (5-6 mi.) — ' in HGl (cone.) (4 drops) 

Yellow cryst. white ppt. of and bromine water (3 

silky needles Ag Cl — Ag. drops) ; heat : boil off 

ofPbla— 2. Test another excess of HCI, add 1 ml. 

portion with of w^ater and test with 
KI — ‘Yellow SnCig— white or grey 
ppt. of Agl ppt.— Hg. 

. . . • - ^ • ... .. - . 

Group JI 

Use the supernate obtained from Group I . To the super- 
nate solution, add 1 ml. of 4 jV-H 2 S 04 and 1 ml. of alcohol and 
centrifuge. Separate the supernate and the residue. Add again 
1 ml. of 4^-152804 and 1 ml. of alcohol to the supernate, and 
centrifuge. Collect all the residue at one end and the supernate 
at the other : 



. 1 "'- 

Pf ecipitdte or residue 
Sulphates of Ba, SryGa 


Precipitate or residue 
Cu Group— ^Hg, Cu, Bi, 
Cd. 

As Group — As, Sb, Sn. 


1 \ 

Supemate solution 

Add 5 drops of dil. H2SO4 
and again centrifuge to ensure 
complete separation of Ba group. 
Transfer the solution to a beaker 
and boil to half the volume ; coo! 
and add saturated Br-water 
drop by drop till the solution 
is yellow, z, till Br is in excess. 
Boil off the excess of Br. Add 
^..^-ammonia till just alkaline 
(test with litmus paper) and then 
add jV’-HCl till just acidic, add 
3 drops more of HGl , heat to 
boiling and pass H2S slowly, and 
centrifuge. 

^ [ 

Supernate solution 

Evaporate the solution to dryness. 
To the residue, add 1 ml. of cone. 
HCi, heat to boiling and pass 
H2S; and centrifuge. If any 
ppt.-^As"*"^ (from arsenate) . Heat 
to boiling and pass H2S to ensure 
complete pptn. of Gu-As Group. 
Centrifuge and collect supernate. 
Evaporate to dryness the super- 
nate, add 10-15 drops of water. 
Take 3 drops of the solution and 
test for phosphate. (If present, 
it is to be eliminated). Add 2 
drops of HNO3, boil and add 
5 drops of 20%NH4G1. Add 
a piece of litmus paper and', 
add 4J\r-ammonia solution till 
just alkaline. Centrifuge. 


Precipitate or residue 
Ee . Group—Fe, : Cr, , A1 


Supernate solution;- 

Boil and pass H2S and centrifuge. 
! ' 


Precipitate or residue Supernate solution 

Zn'Group— Zn, 'M Mg 


Collect the residua^ and mix it with 5 times the weight of 
Na2G03 ; stir with spatula; transfer to a nickel lid, and fuse in 
Ni-spoon until a clear melt is obtained (2 minutes of heating on 
flame would suffice) , Cool the melt and drop into water contained 
in a 10 mb beaker; boil for 1 minute, scrap the residue from the 
spoon into the solution, wash the ppt. of carbonates so obtained 
with hot water, and reject the washings. 

Dissolve the carbonate ppt. in hot ^jY-acetic acid. Divide 
the solution in portions and test a small portion with 5% K2Gr04 
solution. If yellow ppt., then Ba is present; add more K2Gr04 
till 2 drops in excess; the solution becomes orange. Warm, stir 
and let it stand for 5 minutes to ensure complete precipitation. 
Centrifuge. Decant the siipernate to a clean 30 ml. beaker. 
Stir the precipitate with 2 ml. of water. Centrifuge and discard 
this washing. 

Calcium Group — Ca, Sr, Ba. 

Wash the residue of this group containing sulphates of Ga, 
Sr andBa with alcohol containing one drop of 4W-~H2S04; centri- 
fuge and discard the washings. 

Test a portion of the residue with platinum wire. (Usual 
flame colours: Ba— green, Sr — deep crimson, Ga — ^impersistent 
red.) Take the residue and boil with 2M — ^ammonium acetate^ 
centrifuge and separate the supernate. 
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Residue'-^ 

, BaCrO^ 

(i) Wash the res- 
'due with '4 jY- 
HCr and test 
, with Pt wire. 
Green flame 
— Ra. 

{ii) Test the resdue 
with I drop of 
HGl; place on 
filter paper, 
then add one 
drop of 0*2% 
sodium rhodi- 
zonate (fresh 
solution) . Bri- 
ght red colour 
— Ra, 


Supemate-^iSt and Ga plus KgGrO^ etc.) 
To it, add 4jV’-ammonia till alkaline; 
now add 2 ml. of ammonium sulphate 
(NH4)2S04 warm and let stand for 
Simnutes: White ppt. of Sr and Ga 
(mixed). 

Wash the ppt. with hot water and 
reject washings. Treat the ppt. with 
4# acetic acid and boil for a few 
minutes to expel GOg ; cool and make 
alkaline with 4W-ammonia. Add at 
least an equal volume of saturated 
(NH4)2S04. Heat to boiling and let 
stand for 5 minutes. Centrifuge. 


Residue — ^SrS04. 
Test with Pt 
wire : Crimson 

persistent flame 
— 5r. 


Supernate — iGaS04 (a 
double salt with 
ammonium sulphate) • 
Divide in two. 

(i) Add a few drops 
of ammonium oxa- 
, late, warm and 
let stand for 2-5 
minutes: White 

ppt. — Cd. 

(ii) Add to the 
second portion 
solid ammonium 
chloride till satu- 
rated; then add 
5 drops of 5% 
potassium ferro- 
cyanide : YelloAi 
ppt* Ca confirmed 


Copper and Arsenic Groups 

Take the residue containing copper aiid arsenic groups 
(sulphides). Wash the residue with H 2 S '^^'s.ter containing 5 
of ammonium chloride per 100 ml. Reject the washings. Add 
to the residue to 2 ml. of JV‘/2 KOH and heat, then cool and 
centrifuge. 


Residue . \ 

Supernate 

Gu — Group 

As' — Group. 

Hg, Bi, Gu, Gd. 

As, Sb, Sn 


Copper Groups, 

Wash the residue with water; add 0*5 ml. of 1.5jV*HCl, stir 
and transfer to a test tube. Complete the transference of the 
residue with more acid (say 2 ml.). Boil for 100 seconds and 
centrifuge. 


Residue — '(black) 

Hg, Bi, Gu. Wash with water 
twice; add 1 ml. 4 JV*-HN 03 ; 
boil and centrifuge. 

! 

Residue 

Supernate 

HgS, (black) 

Bi, Gu Add cone. 

+ sulphur 

ammonia 

in ex- 

(S”). 

cess : boil and 


centrifuge. 


Residue 

Solution 


Bi(OH)3. 

Cu (Blue) 



complex. 


Supernate : Cd — > 

Boil off H 2 S from the 
solution ; and AK NaOH 
in excess, warm and centric 
fuge: Residue Gd (OH)^; 
discard supernate. 

Wash the ppt. with 5 
drops of 20% arnmoniiim 
chloride; warm gently, dis-« 
solve and test for Cd in 
solution: 

(i) Pass H 2 S to one portion 
—Yellow ppt. C<f* 

(ii) Gadion test— Slightly 
acidify with 4W-HC1; add 
2 drops of cadion 
reagent (p-nitrobenzene- 
diazcH^amino-benzene) ; add 
excess of JV-Alc.KOH — ^ 
Pink colour — Cd, 

(iii) Make the third portion 
ammoniacal with 2 props 
of ammonia; add one drop 
of thiosinamine reagent and 
warm gently. Yellow ppt. 

.■'CE 
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'-'^'■'■'•'\TeU'forMefmry--^AAdi. to the residue 3 ml. of W-HGi and 1 
ml. of 6 jV’-HNOs. Transfer to a beaker and boil down to 2 
ml. Transfer back to a tube. Centrifuge. Decant the supernate 
to a clean tube and discard any residue (which may be sulphur, 
S°). Divide supernate into 2 parts — • 

(i) To the supernate add 5 ml. of 0*5M SnCl 2 in a tube, 
A white or greyish ppt. — Hg, 

(li) Of the second part, take 2 drops. To it, add 2 drops of 
0*05% acetone solution of p-dimethyl benzyl rhodanine 
and 5 drops of saturated solution of Na-acetate. Pink colour 

, 

Test for bismuth — (i) Dissolve a part of the precipitate ofBi- 
( 0 H )3 in a few drops of 4 N HNO 3 . To the solution, add 2 
drops of 10% thiourea solution — 'Yellow colour — 'Bi, 

(ii) Dissolve another part of the precipitate of Bi (OH ) 3 
in a minimum quantity of 4jV‘— HCl; and pour into freshly 
prepared sodium stannite (SnCla+excess NaOH) — ‘Black 
ppt. — Bi* 

(iii) Dissolve the third part of Bi (OH ) 3 in a minimum of 
4JV*-HG1; add two drops of 1 % solution of alcoholic dimethyl- 
glyoxime, and make ammoniacal: Yellow ppt. — Bi, 

Test for copper — (i) Acidify a few drops of the ammoniacal 
solution of copper salt with 4jV’-acetic acid ; add a few drops 
of 5% potassium ferrocyanide : Reddish brown ppt. or 
colour — 

(ii) Place 1 drop of ammoniacal Gu solution of the spot paper; 
add to it 1 drop of 5 % alcoholic solution of cupron (a-benzoin» 
oxime) : Green colour — Cu, 

Arsenic Group: As, Sb, Sn. 

To the solution of arsenic group, add 4 jV-HCl (avoid adding 
a large excess of HCl) ; centrifuge and wash with H 2 S water 
containing ammonium chloride. Reject washings; add to the 
precipitate 1 — ‘P5 ml. of BJV'-HCl. Boil for 5 seconds and pass 
H 2 S. Now centrifuge* 


Residue 

Supernate — Sb,Sn. 

Boil off HgS gas ; add 'Ti drop by drop till 

any ppt. formed just I'c-dlssoivcs ; now add Br- 
^vater till the solution l^ecomcs yellow ; add 
solid ammonium chloride (a pinch), boil for 

2 minutes. Centrifuge. 


Residue — bn (OH) 4! 

■' ■ 

Supernate ; Sh, 

Add more of NH4GI solid, 
and boil to ensure the 
removal of all Sn ; acidify 
' with HCi and pass HyS : 
Orange ppt. — Sb. 


Test for arsenic — ^Add to the residue from above 4 mi. of 
bj^-ammonia, and 3 ml. of 3% hydrogen peroxide. Heat 
to boiling ; centrifuge. Decant the supernate to a clean tube. 
Discard any residue. Divide the supernate into several 
portions. 

(i) To one portion, add 3 ml. of magnesia mixture ; 
cool and stir vigorously. A white ppt. of Mg(NH 4 )As 043 SHgO, 
indicates 

(ii) Take the other portion, dilute, and boil of the excess 
ammonia ; cool and add 5 drops of Ag NO 3 solution. Reddish- 
brown ppt. — As, 

(iii) Treat the third portion with cone. HNO3 in excess ; 
add an excess of ammonium molybdate solution and heat. — 

-Yellow ppt. — As. 

Test for antimony — {a) Dissolve the orange precipitate from 
above in HCi (cone.) ; boil off HgS, take a few drops of the 
solution, and neutralize the acid with 6 JV-ammonia : add one 
•drop of ammonia in excess, then add about 5 drops of acetic 
acid, and heat to boiling. Add a crystal of sodium thiosulphate 
to. the hot solution — ^Bright red ppt. — Sb. 

Q}) Take 2 drops of the supernate solution on a spotplate, 
add a minute crystal of NaNOg, stir and add 2 drops of rhodamine- 
B reagent. — Violet coloration — Sb» 

Test for tin — (Stannous and stannic) — ^Dissolve the residue 
of stannic hydroxide, Sn(OH) 4 , hydrochloric acid. Divide 
into 4 portions. 

(i) To one portion, add a piece of an iron wire and boil 
for 10-15 seconds; cool, and decant the clear solution. Add to 
it one drop of HgGIg — White or grey ppt. — Sn* 
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(ii) Take one drop of the second portion on a filter or test 
paper; add one drop of saturated solution of cacothelin. 
Lavender colour (violet or red) . — Sn, 

(iii) Take 4-5 drops of the portion ; add 4 drops of 30% 
tartaric acid solution; and 5 drops of water; then 6 drops 
of 1 % benzoyl phenyl hydroxylamine in 5% acetic acid : White 
ppt. — Sn> ; 

(iv) Take solid residue of Sn(OH) 4 ; dissolve it in cone* 
HCI; place a little zinc and perform flame mantle test^ round a 
test tube filled with water. 

Iron Group : Fe, Gr, Al. 

Wash the mixed precipitate of the hydroxides of iron^ 
chromium and aluminium with water ; add 2 or 3 drops 
of 4jV'‘-NaOH and 4-5 drops of water ; wash and centrifuge. 


Residue 

1 

Supernate 

Fe, Cr — ‘Wash the ppt. with 1 mi. 
of water containing 4jV‘-NaOH ; 

Ai as 

reject washings. Treat the residue 
with 2-3 drops of 4jV’-NaOH+5-*6 ' 
drops of 20% vol. HaOg. Boil for 
i minute and centrifuge. 

NaAlOa 

Residue — Fe 

! 

' Supernote — Gr 


as Fe (OH):,. 

as Na 2 Cr 04 



Test for iron — ^Dissolve the precipitate of Fe(OH )3 in 
4 jY-HGI. 

(i) Take 2 drops of this solution ; add to it 1 drop of 
ammonium thioc^^anate : Blood-red colour — Fe, 

(ii) To another a few drops of the solution, add a drop of 
K 4 Fe(GN)e solution : Deep blue colour or ppt. — Fe 

Test for aluminiim — ‘Acidify the solution of NaAlOa with 
W-HCl ; then make the solution strongly alkaline with ammonia; 
^dcl to it one drop aluminon (aurin tricarboxylic acid) : Rose 
red ppt . — ^AL 

Test for ckromium~(i) Acidify the solution of Na 2 Cr 04 with 
4W"acetic acid, and acid 2 drops of lead acetate solution: Yellow 
ppt. — Cr. 
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(ii) Acidify the solution of Nj2Cr04 with 
thoroughly under running water ; add 1 drop df 20% vol. 
of HgOg ; add 0*5 ml. of a mixture of butyl alcohol and ether; 
then shake the tube from side to side. Blue top layer -r-Cr 

: Go, Ni, Zn, Mn. ^ ^ ^ 

Wash the precipitate of sulphides of cobalt, nickel, zinc 
and manganese obtained by passing hydrogen sulphide in 
the ammoniacal solution of the supernate of Iron Group, with ^ 
ml, of water and reject washings ; add to the precipitate 
2-5 drops of cone. HGl and 2-3 drops of cone. HNOs ; warm, 
dissolve and transfer to a porcelain dish. Evaporate to dryness 
over a small flame. To the residue so obtained add T5 ml. of 
W-acetic acid. Heat to boiling ; transfer the solution to a test 
tube and pass H2S gas and centrifuge. 


Residue — ZnS Supernate — Sulphides of Mn, Go, Ni. 

Wash and dissolve Transfer the solution in a test-tube ; 

in a few drops of boil off H2S ; make it just aikaline 

4jV’“H2S04 ; dilute v\ith cone, ammonia ; add a few 

with a little water; drops of Br- water; boil and centri- 

boil offHaS, and fuge. 

test for Zn in this 

solution. Divide ^ ^ — — _ 

into 2 portions. Residue— Supernate : Ni,Co. 

Divide into two 
portions. Test one 
portion for Ni. 
Acidify the second 
portion with AN- 
HGl and test for 
Go and Ni. 


Test for zinc — ‘(i) To a part of the zinc solution in sul- 
phuric acid, add 1 drop of K4Fe (GNjg solution : White 
PPt.— 

(ii) Concentrate the other part of the same zinc solution ; 
add 2 drops of 0-1% copper sulphate solution and 2 drops 
of ammonium mercury thiocyanate; [NH^-Hg. (SGN)]— Violet 

ppt.— 

Tests for manganese— {i) Dissolve the black residue (MnOa) 
in 0*5 ml. of 4W-HNOa and 2 drops of 20 vol. HgO^. Boil till all 
oxygen evolved out; cooT; add 0*25 g. "of solid sodium 
bismuthate, Nas BiOg. ; centrifuge: Purple colour or violet — Mn, 
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(ii) Dissolve the black of MnOg in a few drops 

of 4^V-H2S04 ; add 1 drop ofAgNG» and a little solid ammonium 
persulphate ; heat to boiling : Knk colour of KMnO^ — Mn. 

Test for nickel— -Tdkt 2 drops of the mixed solution of Ni and 
Gu ; add 2 drops of 1% alcoholic solution of dimethyl giyoxime; 
add 4JV‘-ammonia5 until alkaline, and warm: Red ppt. — 

Test for cobalt — »(i) Take 3-4 drops of cobalt solution - add 
1 drop of SnGl2 solution, and mix 0*25 g. of solid ammonium 
thiocyanate and 1 ml. of normal butyl alcohol dissolved in ether. 
Shake the test tube from side to side : Blue colour in top layer — Co. 

(ii) If Ni absent, add to a portion of the solution 4jV‘“NaOH 
till just alkaline ; just acidify now with 4jV’“HCl ; now add 2-3 
drops of 0*5% solution of nitro-R-salt (a-nitroso jg-naphthol), 
followed by 0*5 ml. 4M-sodium acetate : Red colour^ — Co. 

(iii) IfNi present, precipitate out all nickel vith demethyl 
giyoxime ; reject the residue and carry out the test (ii) for Co 
in the solution. 

Magnesium. 

Test for Mg in the supernate after removing the sulphides 
of the Zinc Group. Some tests may be made in the original 
solution also. 

If the solution is acidic or neutral, add 6iW-ammonia solution, 
till alkaline and then add 2 ml. of ammonia in excess. 

(i) Add 2 ml. of 1-M diammonium hydrogen phosphate 
to the above alkaline solution. Cool the test tube under running 
water, stir and scratch the tube with a glass rod. Let stand for 
about 5 minutes. White crystalline ppt. : Mg. 

Wash this precipitate with 1 ml. of water containing 4-5 
drops of 6M-ammonia. Gentrifuge and discard the supernate. 

To the precipitate add 1 ml. of water and 5-10 drops of GAT- 
HGI. Sdr and warm to dissolve. 

Now add 1 drop of p-nitrobenzene-azoresorcinol {magneson) 
solution and 5 ml. of 2M-NaOH : Sky-blue ppt. — Mg. 

Sodium and Potassium 

Use 4 ml of original unknown solution in case ail groups 
(Ag Group to Zinc Group) are absent, or the remaining two-thirds 
of the solution left after the separation of the Zinc Group. 

Add ( one, (15JV*) nitric acid, little by bittle, with stirring, until 
the solution is acidic; then add 5 ml. of cone. HNO3 in excess. 
(If the solution is alkaline or neutral, add 5 ml. of cone. HNOg). 
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sdlution in an evapprating dish, and evaporate t# 
dryness. dish on direct flame with the hottest flame 

possible for 5-10 minutes; thus volatilise all ammonium, salts. 

Cool the dish thoroughly ; add 5 ml. of water and 1 ml 
of 6 jV“-acetic acid. Stir, warm slightly, decant to a test-tub:; and 
centrifuge. Perform flame test for Na and K with this solution. 
Divide the supernate into equal portions in two tubes. 

Portion I — *Test for sodium.' — Add 4 ml. of magnesium uranyl 
acetate solution. Scratch and stir thoroughly : Light yellow 
crystalline ppt. of[Na. Mg (1102)3 Acg] — 

Portion % — ^Test for potassium. Add 4 ml. of sodium cobalti- 
nitrite solution. Stir and let stand for 5 minutes. Yellow ppt. 

ofKa.NaCo (N 02 ) 6 — /f. 

Acid Insoluble Substances, 

The following substances do not dissolve appreciably in 
acids: — ■ 

1 . Free elements C, S, Si. 

2 . Certain lead salts — *PbS045 PbCr04 (ignited). 

3 . Silver salts — -AgCl, AgBr, Agl, AgCN ; Agg Fe (GN)s, 
Ag4 Fe (GN)e. 

4 . Sulphates — •BaS04, SrS04 (GaS04 is slightly soluble in 
water). 

5 . Chromium salts — GrClg, Crg (804)3. 

6. Ignited oxides — Sn025 AI2O3, Cr203, Sb204. 

7 . Silica and several silicates : 

8 . Miscellaneous— GaFa, [Fe(GN)s]3 (Prussian blue). 

SiG. 

1 . First identijy carbon and sulphur — (If the residue is colour- 
less, omit this step). If it is yellow or black, transfer the dry 
residue to a porcelain crucible. Heat to redness. 

(i) A yellow residue that burns with a blue flame evolving 
SO2 smell — S, 

(ii) A black residue that slowly burns away at red heat, evol- 
ving GO^~C. 

2 . Then identify PbSO ^ — When G and S have been removed 
as S02and CO2,, the .residue contains : PbS04, AgGl, AgBr, Agl, 
BaS04, SrS04, ^^804, GaF^, GrX^ (anhyd.), [Fe4 (GN)el3, SnOa;,: 
AI2O3, GraOg, ,.,Sb2Q4,r..Si02, Si and silicates. 
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(i) _Take a small portion of the residue and moisten with 
ammomum sulphide A blackening indicates the presence of read 
and Sliver compounds. In this case, proceed with the step fii) If 
the colour remains unchanged, the ammonium acetate treatment 
(step 11) and sulphuric acid-zinc treatment may be eliminSS 
Proceed with the potassium carbonate step (marked with asterik).' 

in the _ remaining residue to a small beaker 4dd 

iO ml ofSAf-aminonium acetate and 1 ml. acetic acid 'iw 
rninutes. Transfer to a test tube and centrifuge 
Divide the supernate into 2 portions. Wash the residue 
with water and discard the washings. ® 


Super?iate — ^PbAcg H- ammonium 
sulphate. 

Divide the supernate into two 
portions, — 

(i) Add 3 ml. of Af-KaCrO^ 

to one portion — ^Yellow 

ppt. — Pb. 

(ii) Dilute the second portion 
with 20 ml. of water. 
Add 10 ml. of 0*5 Af-Ba- 
CI2; White ppt — SO/. 

This confirms PbS04. 


Residue— 
BaS04, 


AgGl, AgBr, Agl, 
_ SrS 04 , GaSO., 
GaFi^, GrXs (anhyd.), Fca- 
(GN)el3, SnO^, 'aI^oL 


[Fe 

Si02, Si and 

silicates. 

Residue from (2), 


O. Novv identify halides in the residue from (2) -Transfer 
the residue from (2) to a beaker. Add 15 ml. of 3 Af sulTuS 
acid and a pinch ol pure zinc. Warm until the reaction is^SS^ 
plete, and then transfer the solution to a test tube and centrifuge. 

Decant the supernate to a beaker. ^ * 

Stir the residue with 5 ml. of water, centrifuge and add 
the washings to the previous supernate. 

Supertiate — I”, Br", Gh 
(halides) identify them 
as usual. 


BaSO, SrSO„ CaSO,, 
(anhyd.) Fe^ [FeCGN)^],, 
SnOj, AI2O3, GraOs, SbjOt, SiO^, Si, 
silicates. Residue from (3). 


4. Now identify 4^-.Add to theresidue from (3) 5ml.of6Af. 
nitric acid, lieat to boiling and centrifuge. Decant the supernate 

the wShkgT'^ and discard 



Supernate — Test for Residue'^ — ^BaS04, SrS04, CaS04 j CaFg, 
silver as usual, GrXs (anhyd.)3Fc„ [Fe(GN)6]3, SnOa^ 

AlaOs, Ci’aOg, Sb204j SiOa, Si and sili- 
cates. Residue from (4), 


5. Now identify sulphate S04==, fluoride F"“, ferrocyanide 
Fe (GN)6""“, X”", silicate SiO^". — ^Transfer the residue from (4) 
to a beaker; add 15 ml. of 50% K2GO3 solution, cover with a 
watch glass and heat to boiling for 10-15 minutes. Add a little 
water from time to time to replace any loss in evaporation. 
Transfer to a test-tube and centrifuge. Decant the supernate to a 
beaker. 


Stir the residue with 5 ml, of water. Centrifuge. Add thcs^ 
washings to the previous supernate. 


Supernate — S04”,F-,Fe (CN)0% 
X-jSiOa’” Analyse these 

anions as usual. . 

Residue— Ba.OOs, SrCOj, OaCOo 
Fe (0H)3, Cr (OHjg, SnO„ 
AlaOa, Cr,03,_Sb,04, Si and 
silicates. Residue from (5). 

6. Now identify for Sr-^+, Ga++, Fe'^++, Cr+++ and 

AD++,— Add to the residue from (5) 15 mi. of6Af-HGI; heat to 
boiling and filter. Wash the residue tw^o times with 5 ml. of water. 
Add these washings to the previous filtrate. 

Solution-^Bd,^+, Sr2+, Ca®+, 
Gr^+jAP-^ — Analyze 10 ml. por- 
tion for the cations as usual in 
the analysis. | 

I Residue— SnO„ AljOg, Cr.O, 
Sbp^, SiO„ Si, silicates. " 

1 Residue from (6) . 


7. Convert now this residue to suitable cations and atiions for 
regular analysis: Collect the residue from (6) and place the filter 
paper and the residue in a nickel crucible; heat until the filter 
paper is completely biumtaway. 

Add about 5 g. of (Na,C03+K.G03++Naa02) fusion 
mixture, stir and heat to redness for 10 — 15 minutes. Cool the 
crucible and contents; add a little water and warm to loosen the 
residue. Transfer to a beaker; add about 30-40 ml. of water and 
heat to boiling until the residue breaks up completely. 

Filter; wash the residue 3 times with water. Discard tb/> 
washings. “ 
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(i) Test for chromat; and 
silicate in two separate 
ml. portions. 

(ii) Acidify the remaining 

solution with 6M.HG1. ' 

(iii) Mak alkaline with gif- 

ammonia. Filter olF any 
residue and discard the 
filtrate. 

(iv) Dissolve the residue by 
heating with 15 ml. of 
6Af-FIv 1. Combine this 
solution with he hydro- 
chloric acid solution of 
the residue. Test for 
cations in it as usual. 




(0H)3, Sh(6H); 

Sb(OH) 3 , GaCOs etc. 

(i) Add 15 ml of 6M-HG!; 
heat to boiling for 2-3 
' . ... minutes.'.; 'v 
Centrifuge. Continue 
this with the hydrochlo- 
ric^ acid solution of the 
fusion step (iv); use a 
5-10 ml. portion for ana- 
lysis of cations. 


Analysis of Anions 

Gmip group consists of anions which o-et orpcini 

tated from a sligilj basic solution; the precinitant 
oUaMum nitrate and barium nitrate: ThS anions of this gJoup 

sSSS sS"' 

Thiosulphsle Chromate Amenate nSrfefe 

is l-eacei, 

Thio-sulphate comes both in Group I las cale;T 7 m 
s^phate) pd Group II (as silver sulphide). The sulphate^Jnd 
chromate ions are best prec ipitated as barium salts; the others of 
this group as calcium salts. c outers ol 

V precipitant is silver nitrate in a dUute nitric 

solution. The anions of the group are— nitric acid 

Chloride Cyanide 

Bromide Ferrocyanide 

Iodide Ferricyanide 

Sulphide Tniocyanate 

Group I//— The anions not precipitated in Groups I and IT 
belong to this group ^ 

Nitrate Acetate Permanganate 


Thiosulphate 



There is no systematic way of separation of anions as is of 
cations. A series of general tests are convenient. In the following 
description, we presume that the anions are present as sodium and 
compounds only. Other cations may interfere in the 
analysis of anions, and hence they must be removed. 

The coloured anions are: chromate, dichroniate, ferricyanide, 
ferrocyanide and permanganate. A colourless solution need not be 
tested for these anions. 

Na or K salts of anions 


Residue 
Group I 


Residue 
Group II 


Ba (N03)2+Ca(N03)2 ^ ' 
mixture 

(slightly basic) . Centrifuge 

Superoate (Groups II + 111 ) 

' Add^ AgNOs 
acidify with dil. 
HNO3 in excess; 

centrifuge. 

Supernate 
(Reject) 


Group III anions should be tested with separate portions of 
the unknown. 

Reducing ions — ^Any anion which reduces in acidic solution 
(i.r., in presence of dil. H2SO4) a solution of potassium 
permanganate (a drop or two of 0*01 M) is regarded as a 
reducing ion. 

Reduction of acidified KMnO^ in cold immediately. 


Sulphite 

Thiosulphate 

Sulphide 

Arsenite 


Tartrate 

Citrate 

Iodide 

Bromide 


Oxalates reduce this solution slowly; 
heated to initiate the reaction. 


Thiocyanate. 

Cyanide 

Ferrocyanide 

Nitrite, 

the Folutioxx must be 


Oxidizing ions — Any anion which liberates free iodine from 
an acidified solution of potassium iodide h known as an oxidizing ion. 
Such a reaction mixture is shaken with carbon tetrachloride 
layer (violet colour). The ions of this category are: 

Chromate Chlorate 

Dichromate Nitrite 

Ferricyanide Permanganate. 
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The anions as nitrate and arsenate oxidize only when present 
in"high concentrations..' 

Volatile substances — Upon acidification, the following anions 
evolve gaseous substances (add dil. H2SO4 and warm) : 

Carbonate — GOg Sulphide — ^HaS 

Sulphite— SO2 Gyanide—HGN. 

Thiosulphate — SO2 Nitrite— NO, NOg. 

Group I 

1, First test for Add 1 ml. of GJV' cone. HGl to 1 

mi. of the unknown solution in a smal beaker. Stir. If much 
silicate is present, a gel of silicic acid is immediately formed. 
Evaporate the mixture to dryness and continue to heat the residue 
for 5 minutes. Cool the residue, and add 1 ml. of 6 A'’ — 'HGl and 5 ml. 
of water. Gummy insoluble residue : silicate ; centrifuge, and remove 
this residue. Keep the supernate for the test of sulphate etc. (In 
presence of fiuoride ions, silicate ion is volatilized as SiF4) . 

2. Now test for sulphate — -To the supernate, add BaClg (1 ml. 
ofM-BaCh) — Fine white ppt. — sulphate. 

Now test for sulphite^ sulphide and thiosulphate : — 

(i) Sulphide — ^Take 2 ml. of the unknown in a test tube; add 
6 M ammonia solution to make it just basic. Add 2 ml. more of 
ammonia solution ; stir and add 2 mi. of 0 * 5M-tetramine zinc 
nitrate solution. If no white ppt. — sulphide absent. 

Ifa white ppt., centrifuge, decant the supernate to a clean 
test-tube and in it test for sulphite and thiosulphate. 

Stir the ppt. with 2 ml. of water, centrifuge and discard the 
supernate. 

Add 2 ml. of 6 M-HGl to the ppt., w’arm and test for sul- 
phide with if"ad acetate paper over the mouth of the test tube : 
Black stain — Sulphide. 

Sulphite —To the supernate from the sulphide operation, add 
3 ml. of saturated strontium nitrate solution. Stir tliorougbly. 
Let stand for 10 minutes. Centrifuge. 

Decant the clear supernate to a clean test-tube and reserve 
the supernate for thiosulphate test. 

Stir the residue with 2 mh of saturated strontium nitrate 
solution. Centrifuge and discard the washings. 

Stir the residue with 1 ml, of water; add I ml. of6^-HCi 
and 1 ml. of M-BaCb solution. Stir ^nd centrifuge off any 
residue. 


analytical chemistry 


Decant the supernate to a clean test tube. Add iodine- 
potassium iodide solution (or bromine water) till just yellow: Fine 
white -^Sulphite. 

Thiosulphate — ^To the supernate from the sulphite operation 
add 6 M-HCl till acidic, ; warm: white turbidity of sulphur — 
thiosulphate. 

Sulphate, sulphide, sulphite and thiosulphate 

1 To acidic solution, add BaCh 
Centrifuge 


Sulphide, sulphite, 
thiosulphate 
add NH4OH excess 
-pTetrammine Zn 
nitrate 


.] 

White residue 
Sulphate 


White residue ofZnS 
Sulphide : 

I HGland 
j w^arm 
HsS 

Test with PbAGg 
paper. Black stain — 
Sulphide, 


Sulphite -7- thiosulphate 
j add saturated Sr(N 03 ) 5 i 


White residue 
Sr Sulphite 
add 6Ar- 
HCl and 
centrifuge 


Supernate 
Thiosulphate 
i add 6,Y- 
j HGl and 
[ warm 

White turbidity of 
sulphur — Thiosulphate 


Residue Supernate 

Discard I KI3 or 

I Bro water 
White ppt. — 
Sulphite, 

Test other anions of Group I as in the usual anlysis. 

Group n 

Ferricyanide — ‘To 1 mi. of the unknown, add 6W-HG1 in excess 
and then 1 ml, of fresh M-FeS 04 solution : Deep blue colour 

;gr:pph; V:.,. 

^ (TurnbulFs Blue)' — ^Ferricyanide. 

Ferrocyanide^ and thiocyanate — To 0*5 ml, of the unknown, add 
GjV-HGl in excess and then I ml, of 0*5 M-FeGlg: 
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Deep blue colour or ppt.— Ferrocyanide. 

Blood red solution — ^Thiocyanate. 

If loth are present, stir the above mixture and put 1 drop 
of it on the centre of a dry filter paper. The red solution will 
spread, forming a red ring ; and leaving a blue spot in the centre. 

Test other anions of this Group 11 as usual. 

Group III ■ ' ' 

jYitriie — ^Put about 1 ml. of the unknown in a test tube. Add 
1 ml. of fresh FeS04 solution. Centrifuge and discard any 
precipitate. Add another 1 ml. of FeS04 solution and acidify 
with 6M- ace tic acid: A deep brown colour (which disappears on 
warming) — ‘Nitrite. 

If a nitrite is present, nitrate test may be omitted. 

Nitrate — the usual ring test with FeS04 and cone. 
H2SG4. (First add to the unknown a slight excess of Ag2S04 
solution to precipitate the halides. Centrifuge and remove the 
ppt. of silver halides. Test for nitrate in the supernate). 

Chlorate — -Take 1 ml.- of unknown in the test blue. Add 6Af- 
nitric acid with stirring till acidic. Now add 0*5 M-AgNOa, 
drop by drop, till the precipitation is complete. Add 5 drops 
of AgNOg further. Centrifuge off the ppt., and decant the 
supernate in a clean test tube. Now add 3 drops of fiM-KNOg 
and 2 ml. of dAf-HNQg, and heat to boiling. Curdy white 
ppt. — Chlorate. 


PART V : 

Simple Gravimetric Analysis . 

Some operations :—GTdivimttric analysis involves the following 
operations : — 

(1) Solution. 

(2) Precipitation. 

(3) Washing and filtration. 

(4) Drying. 

(5) Ignition. 

(6) Weighing. 

(1) Solution — In case the substance to be estimated gravimet- 
rically is not given in the form of a solution, weigh out exactly 
a suitable quantity (which may give about 2*25 g. of the ignited 
precipitate) and dissolve it in about 50 ml. of distilled water or 
acid in a clean beaker. 

(2) Precipitation — In precipitating insoluble compoundsj we 
aim at securing coarse, granular and dense precipitate, as far as 
possible, so that it may not pass through the filter paper. This 
can be achieved by (i) adding the precipitating solution (known as 
2l precipita it) drop by drop so that the solution does not become 
supersaturated from the very beginning ; (ii) stirring constantly 
when the precipitant is being added so that crystals formed come 
in contact with the supersaturated solution and solid is deposited 
round them, (thus crystals become bigger in size and new unclei- 
are not formed) ; adding a hot solution of the precipitant to the 
boiling solufion so that the solubility is maximum at the time of 
precipitation and surface energy minimum and {iv) adding some 
electrolyte to avoid colloid formation, specially during washing. 

The best I’esults can, therefore, be obtained as follows : — » 

Pleat the solution to boiling and add to it gradually drop by 
drop with constant stining a heated solution of the precipitant. 
Allow it to stand till the precipitate settles clown. Now add a 
few more drops of the precipitating agent with the help of a 
glass rod such that they come in contact with the clear super- 
natant liquid. If no turbidity is produced, the precipitation has 
been complete . If. however, further precipitation occurs, add more 
of the precipitant and proceed like this till addition of the preci- 
; pitant does not produce turbidity any more with supernatant 
iiauid. 
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(3) Washing mid jiltration a gravimetric filter paper 

(the weight of ash of which is known) to a fiinneL See that it 
fits in closely and there as no air bubble between the funnel 
and the filter paper. This is done by properly adjusting the folds 
of a filter paper in coherence with the solid angle of the funnel. 
Moisten the filter paper with distilled water and press it against 
the sides of the funnel so that it fits tightly within the funnel. 

Washing by decantation~The precipitates are best washed in 
the beaker itself by decantation. Add hot distilled water to 
the precipitate^ about 20 ml. at a time, shake, allow it to stand and 
decant off the clear liquid through the filter paper. I’his should 
be done three or four times, till the precipitate is almost free from 
certain specified ions. 

The precipitate should now be transferred to the filter paper 
either directly or with a stream of water from a wash bottle. 
When almost the whole of the precipitate has been transferred to 
the filter paper, the sides of the beaker should be gently rubbed 
with a ^'policeman,” which is a glass rod tipped with about 
quarter of an inch of smooth rubber tubing. This would remove 
the precipitate sticking to the sides of the beaker. The 
beaker and glass rod should now be washed again and the entire 
washing passed through the paper. Continue washing of the pre- 
cipitate till the filtrate gives no test for the icn which has to be 
removed. During washmg and transferring of the precipitate^ it 
should be remembered that the liquid does not rise beyond about of the 
Jilter paper cone. While washing the precipitate, the jet of water 
should be directed at the top of the paper and the funnel should 
be rotated by hand when the jet is playing. ‘‘If you wash the 
top of the paper, the precipitate will look after itself.” It is much 
more efficient to wash four times, quarter-filling the funnel each 
time than to wash once completely filling the funnel. 

(4) Drying — -Cover the funnel wdth a piece of paper having 
a few small holes to enable water vapours to escape during drying, 
and put it either in a steam oven or over a chimney consisting 
of a truncated iron cone. In the latter case, apply a small adjusted 
flame from the side of the wire gauze so that drying occurs only 
by freely circulating heated air. Dry as thoroughly as possible in 
this way. 

(5) Ignition — When the precipitate is dried, transfer as much 
of it as possible with the help of a feather, to a clean and dry clock 
glass placed over a glazed paper and cover with a funnel. Now 
fold the filter paper several times till it looks like a long cone. Catch 
the top side (to which no precipitate is sticking) with a pair of tongs 
and kindle it by the flame of a horizontally-held Bunsen burner. 
Let the ash collect inside the crucible. Any particle that has 
fallen over the glazed paper is also transferred to crucible by means 
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of a feather. The crucible is now heated over a clay pipe triangle 
till the whole carbon disappears leaving a clear ash. 

During this process, some of the precipitate gets reduced by 
means of the cat'bon of the filter paper. This is brought to the 
original state by using suitable reagents. After this, the crucible 
is cooled and the precipitate is transferred to it by means of a 
feather. The crucible is now heated over claypipe triangle 

to a constant weight according to the given directions. 

(6) Subtracting the weight of the empty crucible 

from the constant weight of the crucible alongwith the precipitate, 
we get the weight of the precipitate and ash . The weight of ash of 
a gravimetric'filter paper is known. This is subtracted from the 
final weight. 

Precawtioa in WeigMug* 

The student is already familiar with the use of a chemical 
balance. He ought to have practice of accurate and speedy weighing. 
There are different makes of balances, Bimge 5 Sartorius, and others 
with slight technical differences. Though the student is to use 
the balance allotted to him throughout the session, he ought to 
familiarize himself with other types also. The following precau* 
tions will be helpful. 

(z) A weighing should not take more than 3 — 5 minutes; 
when a known amount of substance has to be weighed, the period 
should not exceed beyond 7 minutes. The c^uickness can be 
achieved by placing the weights in a regular order, rather than 
speculative. 

(ii) See that the weights are properly placed in the w’^eight 
box. The only place for the weights is either on the pan of the 
balance or in the weight box. 

{in) Learn the proper use of rider. The weight of the rider 
is 0*01 gram (10 milligrams). The balance is usually adjusted 
without the rider on the beam ; or by placing the rider at Zero 
(if Zero is in the centre of the Deam. In some cases, the Zero is 
at one extreme end of the beam. In such cases 5 milligram riders 
are used), and if you are provided with the usual 10 mg. rider; 
regard the graduation 5 on the beam as your Zero, then 6 becomes 
0*002 and 7 is 0*004, 8 is 0*006, 9 is 0*008 and 10 is O.Ol and 
smaller divisions have corresponding values. 

{iv) Do not disturb the adjustments of the balance without 
consulting your partners on the balance. They might have taken 
a part of the weighings, and shall be taking other weighings on the 
same balance. 

(v) Do not weigh a substance hot, unless it has been brought 
to the room temperature in a desiccator. 

(vi) Weigh with a steady hand. 
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: SLvIPLE' gravimetric analysis' ' 

/' 1, Estiiiiatioti of Iron as OxMe in a S'oliatloii of : 

Ferroiis Amsnoniixm' Siilpliate/ 

Reactions— -Iron is precipitated as hydrous oxide on the addition, 
of ammonium hydroxide to a ferric salt solution. Ferrous salts 
are first converted to ferric by heating them with nitric acid : — • 

2FeS04+H2S04+0=Fe2(S04)3+H20 ' 

, Fe2(S04)3+6NH40H==2Fe(0H)3+3(NH4)3S04 : 

The hydrous oxide is finally ignited to ferric oxide : 

2Fe(0H)3=:Fe203+3H20. 

Solution — ^The solution supplied has been prepared by dissolving 
about 125 g. of ferrous ammonium sulphate per litre; 10 ml of this 
solution will yield 0*25 g. of Fe^Og. Each solution thus for 
estimation should contain about T25 g. of ferrous ammonium 
sulphate. A little sulphuric acid is added to the solution to 
prevent hydrolysis. 

Process — >To the given solution for estimation, add about 
20 ml. of distilled water and heat the solution to boiling. Add 
about 1 ml. of concentrated nitric acid to the hot solution and again 
heat. At first, a brownish colour is obtained, which on heating 
turns yellow. When all ferrous has been converted thus to ferric 
(this can be known by experience), add to the boiling solution an 
excess of ammonium hydroxide solution, and stir well. The 
solution should markedly smell of ammonia. Now allow the 
precipitate to settle. Wash the precipitate 3 — 4 times by 
decantation using hot water (decantation should be done through 
the filter paper). When almost free from sulphate (test with 
barium chloride solution), transfer the precipitate to the filter 
paper (see that the precipitate does not go beyond two-thirds of 
the cone of the filter paper). Wash the precipitate again on the 
filter paper with hot water till completely free from sulphate. 

When the filtrate has trickled out completely, cover the 
funnel with a clean paper with pimctured holes for vapours to pass 
out, and transfer it to the chimney for drying. When the preci- 
pitate has completely dried (as seen by characteristic appearance), 
separate it cautiously on a clock glass placed on the glazed paper. 
Cover the precipitate with an inverted dry funnel. Fold the filter 
paper to form a small thin cone, and kindle it by f'a Bunsen fi^e 
held horizontally in the hand. Allow the ash to collect in a 
previously heated and weig hed crucible. Transfer carefully the 
particles from the glazed paper also to the crucible. Heat the 
ash till carbonaceous portion . has completely burnt out- 
Cool the crucible, add a drop of concentrated nitric acid and heat 
gently and then strongly. 
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Cool the crucible, and ti'ansfer the pi'ecipitatc to it and 
again heat to a constant weight. 

„ 2Fe=Fe203=2FeS04 . (NH4),S04.6H,0 .; , , 

2 X 55.84=== 1 1 1 . 68 159.68 2 X 392 . 1 3= 784.26. 

Weight of FcaOgX 0.6994= Weight of iron. 

Weight of FcSO4.(NH4)2SO4.6FIoOx0-i424=Wcight of Fa 
Weight of Fe20gX4' 911= Weight of FcS04,(NH4)gS04.6H20. 

Alternate method— Precipitation of iron with cupferron — ^This reagent 
is the ammonium salt of N-nitroso-N-phenyl hydroxyl-ainine. 
It precipitates iron completely in strong mineral acid solutions 
(hydrochloric or sulphuric). It also precipitates copper from 
faintly acid solutions (since it could precipitate copper and iron 
both, hence its name cupferron). A freshly prepared 6 per cent 
aqueous solution of the reagent should be used. 

Procedure — ‘Oxidise the given ferrous ; mmonium sulphate 
solution with 1 ml. of concentrated nitric rxid and heating. 
Precipitate the ferric iron as hydroxide by adding an excess of 
ammonia. Re-dissolve the precipitate in an excess of strong 
hydrochloric acid (or sulphuric acid). Cool the solution (10®), 
and add a freshly prepared 6% solution of cupferron slowly with 
constant vigorous stirring of the contents, until no further forma- 
tion of brown precipitate takes place, (llie formation of a white 
precipitate ofnitrosophenylhy droxylaminc indicates that the reagent 
has been added in excess) . Filter out the precipitate immediately, 
was h several times with 10 per cent (by volume) of hydrochloric 
acid containing 1. 5 g. of cupferron per litre, and finally with water. 
Ignite the precipitate with paper in a silica crucible, and weigh 
as FegOg. 

2* ,/' Estii3aat^^ Cupric cxide ia .a/Scliiticii 

of Copper Sulphate. 

Reactions — ‘The given solution of copper sulphate is pre- 
cipitated as cupric hydroxide by hot caustic alkali, and then ignited 
to cupric oxide. 

CuS 04 + 2 Na 0 H=Gu( 0 H )2 ; +Na 2 S 04 . 

Cu(0H)g=Gu0+H2.0. 

Solution — 'The solution usually given for estimation is of copper 
sulphate (78 g. per litre). 10 ml. of this solution (containing 0.78 
g. of the salt) would give about 0.25 g. of the precipitate. A few 
drops of sulphuric acid are added to the solution to prevent 
hydrolysis. 

Process— T^ke the given solution for estimation in a beaker, 
add about 20 ml. of water and heat the contents to boiling (the 
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beaker is covered with a clock glass before applying heat to prevent 
loss by spTLirting). Boil separately a fairly strong solution of 
caustic soda. Add this to the hot solution of copper sulphate 

with constant stirring (stirring not by a glass rod, but iust 

by centrifugally mtating the beaker with steadiness); as the alkali 
has been added in just an excess, the brown pi'ecipitate settles 
down becoming granular. Add a few drops more of alkali, boil 
the solution and allow the precipitate to settle. Test the 

supernatant liquid with a tip of the red litmus paper, and see 

whether the alkali has been added in excess; if not, add a few 
more drops. 

The clear supernatant liquid is now decanted through a well 
fitted gravimetric filter paper. The precipitate is then carefully 
transferred to the filter paper, and again washed with lx)iling 
water. When completely free from sulphate ions (as tested with 
barium chloride solution), dry the precipitate on chimney. 

When the precipitate has been completely dried, remove 
it on a clock glass as far as possible, and cover it with an inverted 
funnel. Spread the glazed paper, and place the crucible in a 
clean dry porcelain dish, and kindle the rolled filter paper and 
collect the ash in the crucible. The ash particles from the glazed 
paper of the dish are also transferred to the crucible. Place the 
crucible on a clay-pipe triangle and heat. When all carbona- 
ceous matter has disappeared, cool the crucible, and add a drop of 
concentrated nitric acid ; half cover the lid and heat, first gently 
and then strongly. Cool the crucible. 

Transfer the precipitate to the crucible from the clock glass 
with the aid of a feather. Heat it and weigh ; again heat and 
weigh. Repeat the process till a constant weight has been 
obtained, 

WR. — The precipitate of cupric oxide sticks to the sides of 
the beaker. Always keep it covered with water. Do not leave 
it overnight for filtration. 

Gu=Gu0=GuS04.5H20. 

63.57 79.57 249,71 

Weight of GuOx 0.798= weight of Gu. 

Weight of GuO X 3.1 38= weight of GuS 04 . 5 Ha 0 . 

Treatment of the ash — ‘The ash has been treated with nitric 
acid which converts the reduced oxide to the cupric state. 
The reduction is effected by the carbon of the filter paper in the 
course of ignition : 

2Gu0+G=Gu 20+G0; 2GuO-f2G=2GuT2GO. 


The oxygen provided by nitric acid converts back the metaliic 
copper and cuprous oxide both to cupric oxide, 

3 » Estimation of Silver as Silver Chloride In a Solii« ' 
tion of Silver Nitrate. ! 

Reaction — ‘The given silver nitrate solution is treated with 
hydrochloric acid in presence of nitric acid. This precipitates 
the whole of silver as silver chloride. 

■ AgN 03 +HCl=AgC 4 ,+HN 03 . ; ’ 

The chloride is weighed as such. 

Solution — ^The solution supplied is of pure silver nitrate. 
The silver nitrate is weighed about 28 g. per litre which would 
give a precipitate of about 0.25 g., if 10 ml. of the solution 
(containing 0 . 28 g. silver nitrate) are taken for estimation. 

Process — ^Add to the cold supplied solution about 2 ml. of 
concentrated nitric acid, and then add a dilute solution of 
hydrochloric acid with constant stirring. Test the supernatant 
liquid to ensure the complete precipitation. (Allow the precipi- 
tate to settle and see whether the addition of a fresk d^^^^ 
hydrochloric acid causes any further precipitate or not. If it 
causes further precipitation, then add more of the precipitant)* 

Allow the beaker to stand in dark until the precipitate 
has completely settled. Then decant the liquid through a 
gravimetric filter paper, and wash the precipitate three times by 
decantation with water, acidulated with a few ml. of dilute nitric 
acid (5 ml. per wash-bottle). 

Transfer the precipitate to the filter paper and again 
wash it till completely free from chloride ions (test the filtrate 
with silver nitrate solution). Now dry the precipitate over a 
chimney as completely as possible* 

Transfer the precipitate over a clock glass as far as possible 
and burn the filter paper for the ash in the crucible in the usual 
way. Place the crucible on Bunsen flame and ignite the ash as 
completely as possible: cool the crucible and add to the ash one 
drop of concentrated nitric acid and one drop of concentrated 
hydrochloric acid and again heat it carefully. 

Now transfer the precipitate into the crucible, half cover 
the lid and heat the precipitate gently, holding the burner horizon- 
tally by the hand and waving. When the mass fuses half, stop 
heating at this stage. The rest half would fuse by the heat already 
supplied. Cool the crucible in the desiccator and weigh, 

N*B * — ‘The precipitate of 'silver chloride is not strongly 
heated. On strong fusion, it is changed to silver that percolates 
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through the walls of the^crucible. A weight taken to be constant 
■at 130® is -usually sufRcient.' : 

, AgsAgGlsAgNO^', 

107,88 143.34 169.89 

Weight of AgCIx0.7526=sweight of Ag, 

4» Estimation ©f CMoride as Silver CMorMe in a 
Solution of Fotassinm CMorMe. 

estimation is complementary to the one already 
given. The given chloride solution is acidified with nitric acid 
and precipitated as silver chloride : 

KGl+AgN03=AgG4 +KNO 3 . 

^ ^ chloride solution containing about 

12*5 g. of the salt per litre is usually |giyen for estimation. 
10 ml. of the solution would give about 0.25 g. of silver chloride 
precipitate. 

Acidify the given solution with a few drops of strong 
nitric acid. Precipitate silver chloride in cold by adding a 
slight excess of silver nitrate solution, and stir vigorously all the 
while, but do not strike against the sides of the beaker with glass 
rod (the precipitate sticks in the scratches thus produced). Allow 
the precipitate to settle, and test the supernatant clear liquid 
with a fresh drop of silver nitrate splution to ensure complete 
precipitation. Break the clots lightly with glass rod. Wash the 
precipitate several times with distilled water, acidulated with 
dilute nitric acid. Transfer the precipitate to the filter paper 
and wash it several times, till free from silver ions (test the filtrate 
with dilute hydrochloric acid). Dry the precipitate and separate 
it from filter paper. Burn the ash and treat it as described above 
in the estimation of silver. Finally fuse the precipitate gently and 
weigh as AgGl. 

KGi=Gl =AgGi. 

74-55 35.46 143*34 

Weight of AgGl X 0* 2474= weight of GJ. 

5» Examination of Barium as Barium Sulphate iu a 
Solution of Barium Chloride 

Reaction — ‘Barium chloride solution with dilute sulphuric acid 
gives a precipitate of barium sulphate which is weighed as such: 

BaGla+H2S04=BaS04 ^ +2HGL 

Solution — ‘The solution supplied is of barium chloride, BaGlg. 
2 H 9 O, of which usually 25 g. are dissolved for a litre of solution. 


10 ml, of this solution (containing 0*25 g. of the crystallised salt) 
would yield about 0. 25 g. of the precipitate. 

Process — ^To the given solution, add about 20 ml. of water and 
5 ml. of dilute hydrochloric acid. Heat the solution to 
boiling and add to it a hot solution, of dilute sulphuric acid with 
constant shaking or stirring The heavy precipitate quickly 
settles down. Keep it standing for about 2 minutes and test 
the supernatant liquid with a drop of dilute sulphuric acid. 
If the precipitation is complete, wash the precipitate with hot 
water by decantation through the filter paper till free from 
chloride ions (test the filtrate with silver nitrate solution) and 
also free from sulphate ions (test with barium chloride solution). 
Transfer the precipitate to the filter paper, and again wash 
with hot water several times. Dry the precipitate on a chimney; 
and when dried, transfer the precipitate to a clock glass as far as 
possible and burn the filter paper to a clear ash as usual. Ignite 
the ash, cool it and add a drop of concentrated hydrochloric acid 
and a drop of sulphuric acid to the ash. Heat the crucible 
gently so that the white fumes of sulphuric anhydride are removed 
(while heating, cover the crucible half with its lid). Heat it 
now strongly, cool and transfer the precipitate from the clock 
glass to the crucible and heat to a constant weight, 

Ba^BaS 04 sBaCl2«2H20. 

137.36 233.42 244.30 

Weight of BaSO^x 0* 5885=weight of Ba. 

Treatment of the ash — -In the course of the ignition of the 
filter paper, a part of the precipitate is reduced by the carbon of 
filter paper, forming barium sulphide , Moreover, barium sulphate 
precipitate carries along with it some barium chloride adsorbed at 
the surface. Bai'ium sulphide is changed to barium chloride when 
treated with hydrochloric acid, and it in its ten is changed to 
barium sulphate when the ash is treated with sulphuric acid : 

BaS 04 + 4 C ==:BaS+4GO. 

BaS+2HGl ^BaGh+H^S. 

BaCl 2 +H 2 S 04 ==:BaSd 4 + 2 HCL 

of Siiipliate as Barium Sulpliate in a 
Solution of .Potassium' Sulpliate (or Copper 
Sulphate, or Ferrous Ammonium 
Sulphate) 

Reaction — -A soluble sulphate is pi'ecipitated as barium sulphate 
on the addition of a solution of barium chloride : 

" - K2S04+BaGl2=BaS04 +2KGL - 

CuS04+BaGl2==rBaS044 +GUGI 2 . 
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SoluHon-~^A potassiwca sn^^ solution is the best for estima- 
tion* About 20 g. of potassium sulphate are dissolved per litre* 
lOml. of this solution (containing about 0*2 g. of the salt) would 
give about 0’25 g. of the precipitate. 

If the estimation of sulphate has to be done in a solid samole 
one can weigh out about 0 - 3 g. of copper sulphate or 0 2 g of 
ferrous ai^omum sulphate for each estimation and dissolve in 
water, adding about 1 ml. of concentrated hydrochloric acid 
to the solution. 


Prorm^To the given solution of the soluble sulphate 
add 2 ml. ofstrong hydrochloric acid, and boil. Heat separately 
a clear solution of 10% barium chloride (the shelf reagent may doV 
and add the hot solution to the sulphate solution. A thick 
precipitate of barium sulphate would appear. Do not add the pre- 
cipitant at a rate faster than 1 ml. per minute in order to pre- 
vent the chloride from being carried down with the sulphate 
Allow the precipitate to stand for half an-hour. Test the 
supernatant liquid with a fresh drop of barium chloride to ensure 
complete precipitation. Wash by decantation the precipitate 
with boiling distilled water. Transfer the precipitate to the filter 
paper and again wash with hot water till free from barium ions 
(test with dilute sulphuric acid) and also from chloride ions 
(test with silver nitrate solution). 

Dry the precipitate and separate it from the filter paper. 
Ignite the filter paper to an ash which is treated with a drop 
of concentrated hydrochloric acid and a drop of dilute sulphuric 
acid_ as before (see above). Transfer the precipitate to the 
crucible and heat to a constant weight; 

BaS 04 =S 0 / SK 2 SO 4 =GuS04.5H„0 
233.42 96.06 174.25 249.7 

=2-FeS04.(NH4)2S04.6H»0. 

1(392. 13) = 196. 07 

Weight of barium sulphatex0,4n5=weight of SO4". 

7. Estimation of Zinc Oxide in a Solution of Zinc 
Chloride or Zinc Sulphate. 

Reaclion— When sodium carbonate solution is added to a 
soluble zinc salt, carbonate is precipitated. This ignition gives 
zinc oxide: ° 

ZnS04+Na2G03=ZnG034-Na2S04. 

ZnGOg =ZnO-j"G02. 


Solution— -The solution supplied has been prepared by dissolv- 
ing a good sample of metallic zinc (18 g. per litre), or zinc oxide 
(25 g. per litre), or zinc sulphate crystals, ZnS04.7H,0 (100 g. 
11 
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per litre) in dilute sulphuric acid (some, times in dilute hydrochloric 
acid even), 10 ml. of any of these solutions will give about 0 * 25 g. 
of the precipitate. 

Process — ^If the metal or zinc oxide has been dissolved in acid, 
the solution is highly acidic. Boil the given solution after adding 
20 ml. of water. To the hot solution, add hot sodium carbonate 
solution. When a permanent precipitate has been obtained, 
add a drop of phenolphthalein solution. Add a further quantity 
of hot sodium carbonate solution to the hot zinc solution till a 
very faint pink coloration is obtained (just as in acid — alkali 
titrations). If the colour is too much pink, neutralise the alkali 
with a very dilute hydrochloric acid, till the solution remains 
just faintly pinkish even in the boiling state. Allow the preci- 
pitate to settle, and then begin filtration. Wash it several times 
by decantation with hot water, till free from sulphate ions (if 
the original solution was sulphate; otherwise from chloride ions 
if the solution was of a chloride). Transfer the precipitate to 
the filter paper and dry on a chimney. 

Separate the precipitate on a clock glass and again place 
the filter paper in the funnel, and soak it with strong solution of 
ammonium nitrate (5 g. in 5 ml. of water). Again dry the filter 
paper on the chimney. Ignite the filter paper and collect the ash 
in the crucible as usual. Heat the ash till it is clear (if the paper 
remains uaburnt, cool the crucible and add a crystal of ammo- 
nium nitrate and again heat) . Now cool the crucible, and transfer 
the precipitate and heat it to a constant weight. 

Zn = ZnO sZnSO^JH^O. 

65.38 81.38 287*44 

Weight of ZnO X 0*8034=2 Weight of Zn. 

Treatment of the ash — Zinc oxide is likely to be reduced by the 
-carbon of the filter paper to metallic zinc. The metal is 
volatile at the temperature of the Bunsen fianie and hence it 
would mean a loss. For this reason, the filter paper is soaked 
with ammonium nitrate before ignition. The ammonium salt 
oxidises zinc to zinc oxide as soon as it is formed, and thus prevents 
the loss. 

ZnG03+2G=Zn+3C0 ; ZnO+G=Zn+GO. 

Zn+2NH4N03= ZnO +N2O+4FLO. 

8. Estimation of Alumimum as Oaside in a Solution ■ 
; ■ 'Eotasli''' Ainm 

Reaction-^Alwoninima is precipitated as hydroxide by adding 
ammonium hydroxide to an aluminium salt solution in presence 
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of ammonium chloridej the hydroxide is then converted into oxide, 
AlgOg by ignition and weighed as such. 


Al2(S0,)3+6NH40H=:2Al(0H)3+3(NH4),S0 
2Ai (0H)3=Ala03d-3H20. 



Potash alum is a double salt, potassium aluminium sulphate 
K 2 S 04 .Al 2 (S 04)3 24HaO. Potassium sulphate does not interfere 
in the reaction. ■ ' 


Solution — ‘The solution supplied has been prepared by weigh- 
ing a pure sample of potash alum, and dissolving in water. If 
the estimation has to be done in a 10 ml. solution, one ought 
to weigh about 140 g. of potash alum for a litre solution (or 
2*4 g. for each estimation); this would give about 0*25 g. of 
AlsOs.' . , 

Process — ^Add about 50 ml. of water to the given solution 
and about 20 ml; of ammonium chloride from the shelf reagent 
( 1 0% solution) , Heat the solution to boiling, and then add ammo- 
nium hydroxide solution, till ammonia is just in excess : this is 
assured by stirring the solution and perceiving a distinct odour 
of ammonia. Add a small pinch of tannic acid (to coagulate the 
precipitate and facilitate filtration) , and allow the precipitate to 
stand for some time. Boil the contents carefully till there is left 
only a faint odour of ammonia. 

Allow the precipitate to settle. Filter the precipitate (wash 
the precipitate as far as possible by decantation), wash it 
with boiling water, or preferably with a 2 % solution of ammonium 
nitrate until it is free from sulphate ions (test it with barium 
chloride solution in the filtrate). Dry the precipitate, and transfer 
it into the crucible along with the filter paper ash and ignite it to 
AI 2 O 3 till a constant weight is obtained. 

2A1 = Al2(S04)3 = K2S04.Al2(S04)324H20sAls03. 

26.97x2 342.48 948.85 101.94 

■..==■ 53*94 . . 


Weight of AlgOgX 0*5291 = Weight of Al. 

Mote — ^Alumina is not easily reduced by the carbon of the filter 
paper and hence the paper and the precipitate can be ignited 
together. 

9. Estixmatioii of Calcium as Oxide iti a ^ Saixiple ,;of : 

Calcium Carbonate (or a Solution of Calcium 
Chloride)*. 

Reaction — ‘Calcium is precipitated from the solution as cal- 
cium oxalate by the addition of ammonium oxalate in presence 
of ammonia; the oxalate is then ignited strongly to GaO* 
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CaGl 2 + (NH4)2C204=GaG204 ^ +2NH,GL 
GaGgOA^GaGOs+CO^GaO+GOa+GO. 

Solution---^Vm^ calcium carbonate is weighed and dis- 
solved in hydrochloric acid. Iceland spar is the reliable sample. 
For each estimation one ought to weigh 0*4 to 0*5 g. of 
pure caleium carbonate to get 0*25 g. of CaO (40’50 g. of ^ the 
carbonate for a litre of the solution if 10 ml. used for each estima- 
tion). 

Process— -MA about 20 mL of water to the given solution and 
heat the solution to boiling. Then add a slight excess of 
ammonium hydroxide solution, boil and finally add a boiling 
solution of ammonium oxalate slowly till it is in moderate excess. 

Allow the solution to stand for some time till the precipitate 
settles down. Then pour off the liquid through a gravimetric 
filter paper, taking care not to disturb the precipitate the least. 
Wash the precipitate in the beaker three to four times by decan- 
tation with hot water (preferably containing a little ammonium 
oxalate). Transfer the precipitate to the filter paper, and wash 
it with hot water till free from chloride (test with silver nitrate 
and dilute nitric acid added in excess), I)ty the precipitate over 
a chimney. Transfer it to the crucible along with the ash and 
ignite it strongly to white heat (use a blow pipe) till the weight 
is constant. (First ignite over the Bunsen flame, and then on a 
blow pipe), 

GasCaO-CaGOs-GaGsO^. 

40.08 56.08 100 09 128.10 

The weight of GaOx 0*1 47= The weight of Ga. 

M,B , — quick final weighing is necessary as CaO is hygros- 
copic. 

10. Estimation of Lead as Lead Snlpbate in a Solution 
of Lead Nitrate* 

Reaction — On the addition of dilute sulphuric acid, lead nitrate 
gives a precipitate of lead sulphate. The precipitation is complete 
only when alcohol is added : 

Pb(N 03 ) 2 +H 2 S 0 ,=PbS 04 + 2 HNO 3 . 

Solution — Weigh out accurately about 0*3 g. of pure lead 
nitrate and dissolve the crystals in the least possible quantity of 
water. In case the solution is turbid, add a few drops of acetic 
acid. 

Process — ^To the cold solution to be estimated, add dilute 
sulphuric acid in excess,, and allow the precipitate to settle. 
Again add a few drops of the dilute acid to the supernatant liquid. 
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Finally complete the precipitation by the addition of 50 ml. of 
methylated (or rectified) spirit. Stir the solution and filter. Wash 
the precipitate with water acidified with sulphuric acid (1 part 
of acid in 10 parts of water), and finally with spirit till free ^ 
sulphate. 

Dry the precipitate over a chimney. Remove the precipitate 
to a dry dish or collect it on the glazed paper and cover it with a 
dry funnel. Bum the filter paper and collect the ash in the cruci- 
ble.. During the process of incineration, a portion of the precipitate 
is reduced to lead sulphide. Reconvert it to lead sulphate by 
adding one drop of concentrated nitric acid and one drop of concen- 
trated sulphuric acid to the ash (add the acids after cooling the 
crucible) . Heat the crucible and when free from fumes, 
cool it and transfer the main precipitate to it. Heat the crucible 
to a dull red-heat, cool and weigh. Heat it again to a constant 
weight. 

Pb(N 03 ) 2 =:PbS 04 =Pb. 

331.23 303-27 207*21 

Weight of lead sulphate X 0*6833= weight of Pb. 

Estimation of lead as lead chromate--A/Vcigh out accurately about 
0* 3 g. of lead nitrate and dissolve in 200 ml. of water and add acetic 
acid to the solution till it is distinctly acidic. Heat 
and to the hot solution, add 4 per cent potassium dichromate 
solution in slight excess. Continue heating until the colour of the 
precipitate is definitely yellow. The supernatant liquid should 
possess yellow colour. Allow the precipitate to settle, filter it 
through a Gooch crucible, wash it with hot water and finally 
once with dilute alcohol. Heat the crucible in an air oven to 
a constant weight. 

The lead chromate is somewhat of an indefinite composition. 

Weight of Pb GrO^xO* 63 75= Weight of Pb. 

The theoretical factor is 0* 6411, but the arbitrary one gives 
more concordant values. 

11. Estimation of Cliromiiim as Chromic Oadiie 
in a Solution of Potassium Bichromate. 

Reaction---^DichromBitc is reduced to a chromium salt by 
alcohol in presence of dilute sulphuric acid. 

K.Gr.07+4H2S04+3G2H50H=K2S04+Gra(S04)3 + 

7H2O+3GH3GHO. 

The chromium salt with ammonium hydroxide gives a pre- 
cipitate of chromic hydroxide, which when ignited gives c romic 
oxide : 


Cr2(S04)3+6NH40H-:2Gr(0H)3 j +3(NH4)2S04. 

2 Cr(OH) 3 = Gr 203 + 3Hp. 

Solution — 'Weigh about 0'3 g. of potassium dichromate for 
each estimation.. A stock solution of 30 g. of the salt per litre may 
be prepared of which 10 ml. be taken for estimations. 

Process — ^Acidify the given solution with 5 ml. of dilute 
sulphuric acid, and add 2 ml. of ethyl alcohol. A gi'een solution 
will be obtained. Add 40 ml. of water and heat till free 
from aldehyde vapours. To the hot solution, add ammonium 
hydroxide solution just in excess. Allow the precipitate to 
settle. Filter out the precipitate, wash it with hot water by decan- 
tation and then transfer the precipitate to the filter paper. 
Finally, wash it free from sulphate. Dry the precipitate over a 
chimney, transfer it to the crucible and ignite as usua (add a drop 
of strong nitric acid to the ash). 

K 2 Cr 207 ~Cro 03 = 2 Gr. 

294-21 152*02 2x52*01-104-02. 

Weight of GrgOsX 0.6841= Weight of Gr. 

■ ■ , 12* ■ Estimation of Magnesium as Magnesium 
■ Pyropliospliate in .-a Solution of Magnesium 
Sulphate 

Reaction — ‘Magnesium precipitated as magnesium ammonium 
phosphate by the addition of microcosmic salt (sodium ammonium 
hydrogen phosphate, NaNH4HP04. 4H2O prepared by dissolving 
6 g. of ammonium chloride and 36 g. of sodium phosphate, 
NagHP04, in a little hot water and crystallising ) or simply by 
sodium phosphate. The precipitate is ignited to form magnesium 
pyrophosphate: 

MgS04+NaNH4HP04=MgNH4P04 | +NaHS04. 

2Mg. NH4P04=Mg2P20H-2NH3+H20. 

Solution — 0*05 g. of magnesium ribbon dissolved in dilute 
sulphuric acid would yield a solution, which would give about 0* 25 
g. of Mg2P207, If the crystallised magnesium sulphate, MgS04. 
7H2O, is taken, it ought to be weighed about 0* 6 g. to give about 
0* 25 g. of the pyrophosphate. For a litre solution, thus, take 5 g. 
of magnesium wire or 60 g. of magnesium sulphate crystals and 
estimate in 10 mi. of the solution. 

Process-— To the given solution, add about 10 ml. of water 
and 10 ml. of ammonium chloride solution from the shelf. Now 
add ammonium hydroxide, till the solution distinctly smells of 
ammonia. In case the solution is turbid, add more ammonium 
chlc^ide till it is clear. To this, now add microcosmic salt solution 
(or even sodium hydrogen phosphate) with constant stirring. 
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Allow the precipitate to settle for some time. Test the supernatant 
clear liquid with a few drops of sodium hydrogen phosphate to ensure 
complete precipitation. Allow the precipitate now to stand over 
night. Wash the precipitate by decantation several times with 
water containing ammonia. Transfer the precipitate and again 
wash with ammonium hydroxide solution (shelf reagent diluted 
two times). Wash the precipitate till free from chloride (test with 
silver nitrate solution in presence of dilute nitric acid). Dry the 
precipitate as usual, and transfer it to the crucible. Ignite the 
precipitate and ash together to a constant weight. 

2Mg=2Mg0=MgsP207=2MgS04.7Hg0 
24 . 32 X 2 40 . 32 X 2 222. . 68 2 X 246 . 42 

=48.64 =80.64 =492*84 

Weight of MggPgO^x 0.21 81= Weight of Mg. 

13. Estimation, of Nickel as Nickel-dimetkyl-giyoxime 
Complex in a Solution of a Nickel Salt. 

Reaction — -Nickel salts form a chelate complex with dimethvl- 
glyoxime, [GH3.G: N0H]2. ’ . ' 

NiS04+2(GH3. C:NOH)2=Ni (GHg.GrNOH.NO: G.CHo),. 

+ H2SO4 

Solution — -Weight out accurately 0* 3-0*4 g. of pure nickel ammo- 
nium sulphate, NiS04. (NH4)2S04. OH^Oj dissolve it in 200 ml. 
of water, and add 5 ml. of dilute hydrochloric acid (1 M). Use the 
whole of it for estimation. 

Warm the solution of the nickel salt to 80\ and add 
a slight excess of dimethylglyoxime reagent and immediately add 
dilute ammonia solution drop by drop and with constant stirring 
until precipitation takes place, and then in slight excess. Allow 
the precipitate to stand on steam bath for half an hour, and when 
the red precipitate has settled out test for complete precipitation. 
Allow the precipitate to stand further for one hour, and cool it 
simultaneously. Filter the cold solution through a Gooch or 
sintered glass crucible. Wash the precipitate with cold water,, 
till free from chloride; and dry it at 100-120° for one hour, cool 
in the desiccator and weigh. 

Ni (G4H,02N2)2=Ni 
288.69 58.69 

Weight of Ni chelate X 0.2033=weight of Ni. 

Analysis of a Silver Coin. 

An old type of silver coin used to contain about 90% silver 
and 10% copper. The coin is cut into pieces and a known weight 
of it is dissolved in cbncentrated nitric acid (half-diluted). 


(i) Silver is precipitated as chloride by dilute hydrochloric 
acid {see silver estimation) y filtered and the filtrate kept for copper 
estimation. The precipitate is dried, and weighed as AgGl. 

(ii) The filtrate is boiled and treated with hot caustic soda 
solution, the precipitated copper oxide is filtered, washed, ignited 

G\xO {see the estimation of copper) . 

Solution of alloy— Take Si four anna silver coin and thin it by 
hammering. Glean the surface with a sand paper, and cut it into 
small pieces . Weight out about 0. 5 g. of the coin accurately and 
place it in a porcelain basin. Add about 5 ml . of strong nitric acid 
(half-diluted), and warm carefully. Add more of the acid if the 
coin does not dissolve completely. To eliminate the loss by spurt- 
ing, cover the dish carefully with an inverted funnel). When 
the solution is complete, remove the funnel, and wash its inner 
surface, collecting the washings in a beaker. Now place the dish 
on a water bath and evaporate the contents to dryness, and 
thus free it from the extra nitric acid fumes. Dissolve the residue 
in about 30 ml. of water and mix the solution with the funnel 
washings. 

The solution is ready. Now add dilute hydrochloric acid to 
precipitate silver as chloride, and proceed as described above. 

Calculate the amount of silver and copper per 1 00 g. of the 
coin from the weights of AgCl and CuO. 

Analysis of Haematite free from Sulplmr and 
Phosphates. 

The Indian haematite has approximately the following com- 
position: Iron 64, silica 2.1, lime 0.5, alumina 1 .25 and magnesia 
0.18 per cent. Besides, it contains traces of manganese, sulphur 
and phosphates, A student at this stage requires the estimation of 
silica, alumina, magnesia and iron in a given sample, besides the 
estimation of moisture. 

Estimation of moisture — -Take a sample of haematite and pow^der 
it as fine as possible. Weigh about 2 g. of the sample accurately 
between two watch glasses loosely fitting over each other and placed 
between a clip. Place the substance in an air oven maintained 
at 120" after taking out upper watch glass and the clip. Replace 
the upper watch glass and weigh after a couple of hours. Again 
heat the contents in the same way and determine the weight. 
Repeat the process till the weight is constant. The difierence bet- 
ween the initial and final weighings will give the moisture content. 

Weight of haematite powder—mi. 

Weight of watch glasses with ore—mg. 

The constant weight on heating=%. 

. , ^ 100 

Precentage of moisture=^s z 
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Estimation Weigh accurately 5— 12 g, of the finely 

powdered ore, transfer it to a porcelain dish (80 ml. capacity), 
and heat it on a wire gauze with concentrated hydrochloric acid 
(20 ml) and a little strong nitric acid. Continue heating till 
all soluble matter has dissolved (at this stage the residue undis- 
soived will turn white from brown). Transfer the dish to a water 
bath and evaporate the contents to dryness, and now heat the 
residue to 1 10"* in an oven. Make sure that all the nitric acid has 
been driven olf. 

Treat the dry reside thus obtained with concentrated hydro- 
chloric acid. Then dilute the solution and heat it. Deacant off 
the clear liquid through a filter paper. Treat the residue again 
with a small quantity of hydrochloric acid, and filter the solution 
through the same filter paper and collect it along with the same 
filtrate. The digestion with hydrochloric acid is continued till 
iron is extracted out completely, (test in the last drop of the filtrate 
with a drop of potassium ferrocyanide). Wash and transfer the 
residue to the filter paper, dry and ignite it in a weighed crucible. 
Weigh now the crucible ; the difference of the two readings will 
give the amoimt of silica. Calculate the percentage as above. 

Estimation of iron and aluminium jointly — ‘(If manganese absent) — » 
Dilute the filtrate and washings from silica, and raise the solution 
to 250 ml. mark in a graduated flask. Take 100 ml. of the solution 
by means of a pipette, and add 1 5 ml. of ammonium chloride solution ; 
boil the solution and add ammonium hydroxide in excess (add 
tannic acid to coagulate aluminium if necessary) . Allow the 
mixed precipitates of iron and aluminium hydroxides to settle. 
Now wash the precipitate by decantation with hot water through 
a filter paper. The filtrates and washings are kept preserved for 
calcium and magnesium estimations. 

The mixed precipitates of oxides may be again dissolved by 
adding hydrochloric acid on the filter paper and collecting the 
filtrate in a beaker ; the filter paper is very wx 11 washed with hydro- 
chloric acid and iron and aluminium hydroxide reprecipitated by 
adding ammonium hydroxide to their hot solution. The precipitate 
is washed, transferred to the filter paper, dried and finally ignited 
■to a constant weight. ■ ' 

This gives the mixed values of AlgOg and Fe 203 for 100 ml. of 
the solution. From this, calculate for the total bulk of the solution. 

Estimation of iron i'olumetrically~-^&ht 25 ml. of the original 
solution from the graduated flask, and dilute it to 250 ml. in another 
flask. Take 25 ml. of this diluted solution, and reduce it with 
stannous chloride solution taken in excess. Remove the excess 
of stannous chloride by adding a solution of mercuric chloride 
(the calomel is precipitated). The white precipitate that appears 


will not interfere with titration. Now titrate the ferrous iron with 
JV*/20 potassium dichromate solution. From the titration readings, 
calculate the value corresponding to Fe^Og. 

Subtract this weight of FcgOg from the mixed weights deter- 
mined gravimetrically. That will give AlgOg. 

Estimation of calcium — Take the washings and filtrates from the 
mixed oxides of iron and aluminiumt. Heat the solution and add 
powdered ammonium oxalate in slight excess ; the precipitate of 
calcium oxalate will be obtained. Boil the solution and allow the 
precipitate to settle. To the supernatant liquid, add a few drops 
of ammonium oxalate solution more to ensure complete precipi'a- 
tion. Boil and filter the precipitate; wash it with hot water till 
free from chloride. Dry the precipitate, and ignite it first on fre 
Bunsen flame and finally on a blow pipe, and weigh it as CaO. 

.Do not throw off the filtrate from the precipitated calcium 
oxalate. It is used for the estimation of magnesium. 

Estimation of magnesium— Take; the filtrate from calcium oxaiate 
in porcelain dish; evaporate it on water bath to a small bulk and 
finally carefully on a sand bath to dryness — stir it constantly with 
a glass rod during the last stages so that it does not spurt. Heating 
on the sand bath thus removes all the ammonium chloride which 
gives white fumes. Dissolve the residue in strong hydrochloric 
acid (filter if necessary), and treat it with an excess of ammonium 
hydroxide and then sodium hydrogen phosphate. Allow the 
precipitate to stand over-night and filter the next day. Wash 
the precipitate with ammonium hydroxide solution till free from 
chloride. Dry the precipitate, ignite and weigh as MggPgO,. 
From this weighing, calculate the amount corresponding to MgO, 
and find out the percentage in the original ore* 

Record your results of analysis in the following way: 

Amoimts of ore taken g* 

Amt. in gram of the ore. Percentage 


Constituent 

Moisture 

Silica 

Fe^Og 


PART VI 

Volumetric Analysis 

The volumetric reactions which we shall be considering in the 
present chapter fall into three main groups: 

(< 2 ) Acid-alkali titrations, (b) oxidation-reduction reactions, 
and (c) precipitation reactions. 

The success of a volumeteric analysis depends upon the use of 
accurately calibrated apparatus, e.g,, burette, pipette and measur- 
ing flasks, and upon the accuracy of weighings by means of a chemi- 
cal balance. 

Standard solutions— Tht most important point in volumetric 
analysis is the preparation of standard solution. A standard 
solution is a solution of definite concentration, the strength of which 
depends upon the problem undertaken. The strength of solutions 
is generally expressed in terms of normality. 

A normal solution of a substance is the solution, one litre of 
which contains the equivalent weight of that substance in granxs. 
This is written as jV*. Similarly, 3 JV*, jV*/5, (or 0*2M) and JV720 
(or O .OSjV*) are the solutions containing thrice, one-fifth and one- 
twentieth respectively of the gram-equivalent weight of the subs- 
tance per litre* 

Gram’-Equivalent Weight — Gram-equivalent weight of a subs- 
tance is that weight in grams which is chemically equivalent to 
I. 008 g. of hydrogen, 8 g. of oxygen or 35.46 g. of chlorine. 

{i) Add-^Alkali titrations — -These reactions are between 
and OH”* ions : + OH” == H^O . In order to determine equivalent 

weight of an acid^ we must know how many replaceable hydrogen 
atoms it contains. If there is only one replaceable hydrogen atom, 
the molecular weight (moL wt.) will itself be the equivalent weight; 
if there are 2 replaceable hydrogen atoms, equivalent weight will 


Eq. wt. of HN 03 = 


63 


.63. 


126 


Eq, wt, of H 2 C 2 O 4 * 21120 ==—“ 


= 63 . 


Similarly, the eq. wt. of an alkali is determined by knowing the 
number of replaceable OEI groups. Thus. 


Eq. wt .of NaOH= 
Eq. wt. of KOH= 


40 

1 " 

56.1 

1 


40 


= 56J 


Eq. wt;ofNa 2 G 03 (= 2 NaOH) = 


106 


=53. 


From the idea of equivalents given above, it becomes clear that 
a certain volume of a NORMAL solution of caustic soda will 
neutralise the same volume of a NORMAL solution of any acid. 

(ii) Oxidation-reduction reaction . — In such reactions, the gram- 
equivalent weight of a compound is that weight of the compoimd 
which can oxidise 1 .008 g. of hydrogen or supply 8 g, of oxygen 
for oxidation. Thus K 2 Gr 207 in acid solution can supply oxygen 
according to the equation : 

K 2 Cr^O^-^-KaO + Cr^Oa +30 ; 

its one molecule can supply three atoms of oxygen for oxidation. 
Thus: 


Eq. wt, ofKaGrgO 


KgGrgO^^SO: 
294.21 
6 


6 FI 
=49.03. 


Potassium permanganate in presence of dilute sulphuric acid 
can supply oxygen as: 

2 KMri 04 ~->K 20 + 2MnO +50. 

Thus two molecules of KMn 04 supply 5 atoms of oxygen for 
oxidation. 


2 KMn 04 = 50 = 10 H 


Eq. wt:= 


2KMn04 316-06 


10 


10 


=3U606. 


It is important to remember that the equivalent weight of a 
substance does not remain the same under all conditions. Thtis 
KMn 04 in an alkaline solution gives only 3 atoms of oxygen per 
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its" two inoleculesTdr; 0 'xidatioii (unlike 5 atoms' of oxygen in acidic 
solution) as:—* 

'':; 2 KMn 04 -^K 20 + 2 Mn 02 +^ ^ 

Therefore, 2KMn04=30s6H, 

^ 2KMn04 316.06 _ 

Eq; wt.= — 52.58, .'; 

Ferrous sulphate in presence of an acid is oxidised to ferric 
sulphate by potassium dichromate and permanganate as: 

(i) 

6FeS04+3H2S04+30-^3Fe2(S04)3+3H20. 

KgGrgO^^eFeSO^. 

(ii) 2KMn04+3H2S04-->K2S04+2MnS04+3H20+50. 

: 10 FeS04+5H2S04+50-^5Fea(S04)3+5H20. 

2KMn04S50=10H=10 FeS 04 . 

In the former case, one moL of K 2 Gr 207 oxidises 6 mols. of 
ferrous sulphate (or similarly ferrous ammonium sulphate (and as 
the eq. wt. of K 2 Gr 207 is one-sixth of its molecular weight, the eq. 
wt. of ferrous ammonium sulphate will be the same as its mol, wt. 
The same result is obtained by considering the second reaction. 
Ten mols of ferrous ammonium sulphate are oxidised by two mols 
of potassium permanganate. As the eq. wt. of permanganate is 
one-fiftli of its moL wt,, the eq. wt. of ferrous ammonium sulphate 
will be the same as its molecular weight. Eq. wt. of ferrous 
ammonium sulphate ^ 


FeS04.(NH4)2S04.6H20 

,■■■■' '1: ■ 


=392.1. 


In iodometry the reaction between iodine and sodium thiosul- 
phate is: 

2Na2S203+l2==Na2S406+2NaL 

Here 2 mols. of sodium thiosulphate are oxidised by two atoms 
of iodine, so that one mol. can be oxidised by one atcm of iodine. 
Also as one atom of iodine can oxidise one atom of hydrogen, the 
equivalent weight of iodine will be 126.92 and that of sodium 
thiosulphate will be the same as its molecular weight. 


126-92 


Eq. wt. of iodine== — 






1 


=248,21 


Eq. wt, of sodium thiosulphate^ 
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WheH iod against arscB ions oxide, As^Osj^ iodine 

oxidises AsgOg to A‘? 20 g as : 

. As203+2l2+2H20==:As205+4m 
As203S4fe4H., 

Here four atoms of iodine oxidise one molecule of arsenious 
oxide and as one atom of iodine is equivalent to one atom of hydro* 
gen, the equivalent weight of arsenious oxide will be one-fourth 
of its molecular weight. 


Eq. wt. of As 203 ='^^^— ? 


197.82 
4 ‘ 


49.455. 


When copper sulphate is used to liberate iodine from a solution 
of potassium iodide, the following reactions take place : 

2GuS04+4KI==Cu2l2+2K2S04+l2- 

GUSO 4 SISH. 

Two molecules of copper sulphate liberate two atoms of iodine 
and as one atom of iodine is equivalent to one atom of hydrogen, 
the eq. wt. of copper sulphate will be the same as its molecular 
weight. 


Eq. wt. of copper sulphates 


CuSOa.SH.O 249.71 


.249.71. 


(m) Precipitation reactions~ln titrating silver nitrate against 
any chloride or potassium thiocyanate, KCNS, we have 

AgN03+KGl=:AgCl4 +KNO3. 

AgN034.KGNS== AgGNS 4 +KNO3. 
AgNOg^KGl^KGNS. 

It is thus clear that one molecule of silver nitrate is equivalent 
to one molecule of potassium chloride or one molecule of potassium 
thiocyanate. Hence the equivalent weights of these substances 
will be the same as their molecular weights. 


Eq. wt. of AgNOg 


A^NO^ 


:167.9. 



■V 4 . r AT HaQl 58.45 .. .. 
Eq. wt. of NaGl= - — =58.45. 

„ ^ KGl 74.45 

Eq. wt. KG1= ~-~Y~ == =74.45. 


Eq. wt. of KGNS= 


KGNS 97.1 
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A table of equivalent weights of common substances is, given 
at the end of the book. These amounts in grams dissolved iri„ a: 
litre give normal solutions.] 

Use of Indicators — 'The most important point in volumetric 
analysis is the determination of the, end point of a reaction. For 
thiSj use certain substances, which change colour at the end point 
and by tliis change they indicate that the reaction is complete* 
Such a substance is called an indicator. 

The quantity of the indicator to be used depends upon many,, 
factors, but it is always advisable to use the smallest possible quantity , 
of these indicators wliich may be sufficient to produce appreciable., 
change of colour. 

We have three kinds of titrations with respect to the use of 
indicators : 

(i) Internal indicator— hi such cases, a substance which changes 
colour is added to tiic reacting medium, e,g,^ phenolphthalein or 
methyl orange in titration of acids and alkalis, starch in iodometry 
and potassium chromate or ferric alum in titrations of silver nitrate 
with potassium clilorkle or potassium, thiocyanate. 

{ii) External indicator— li\ these cases, the indicator is not added 
to the reacting substances but it is used externally, potassium 
f-rricyanide in the titration of potassium dichromate" with ferrous' 
ammonium sulphate. 

{in) Self indicator— In these titrations, no indicator is itsed 
because the end of reaction is indicated by the colour of one of the 
reacting substances itself, e,g,^ titratlon.of oxalic acid ..or ferrous 
ammonium sulphate potassium permanganate. The end 

p;>iat is indicated by the appearance of pink colour. 

Actual procedure — fill up your burette with one of the solutions 
and t?ikc the reading, lake a .known, volume of anotlier solution 
(say I U ml.; in a clean beaker by means of a pipette and add indicator 
to it. In some cases, it is advisable to add the indicator at iialf-tvay 
of ilie rcuctif)!!, or a little before the end point. Now run in the 
second solmion from the burette drop by drop, with constant 
stirring till t!ie indicator clianges .colour, lake the reading. 
Repeat the process till you get twO' concordant readings. 

Caiciilfitms—As equal volumes of cciiunormal solutions contain 
equivalent amounts of different substances, it fijiiows that volumes 
of different substances of different strengths for the same volume of 
ofasub’miiiccofkriowu strength will vary inversely as their strengths. 
Thus the product of volume and stren^h will be constant. 

(Strength x volime) of one solution ■ ■, 

(Strength X volume) of another 'solution 
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Strength is given in 'terms, of normality^ per. 

litre can be calculated by substitutingthe equivalent .weight^ of the 
substance for JV, 





The volumetric work generally consists of double titrations. 


The intermediate solution is titrated against ones own prepared 
standard solution, and thus standardised. The unknown solution 
is then titrated against the standardised intermediate solution 
and the strength calculated. The correct notion of reciprocity 
would save labour of calculations. Thus if 10 ml of KMnO^ 


JSf , 

are required for 10 ml. of jg-j oxalic acid (your own prepared) 
and 11 *2 ml. of KMnO^ for 10 mi. of the unknown oxalic acid then 

. , jV* 11.2 

the strength of the unknown oxalic acid is— X — . 


Theory of indicators 

There are four types of indicators : (i) Hydrogen ion indicators, 
used in acid-alkali titrations; (ii) adsorption indicators as starch 
in iodine titration, and fluorescein, in silver estimation; (iii) pre-- 
cipitation indicators, as potassium chromate in silver chloride 
titration; and (iv) oxidation-reduction indicators as diphenylamine 
in potassium dichromate-ferrous sulphate titrations. 

(i) Hydrogen ion indicators — number of synthetic as well as 
natural colouring matters are known, which show a change of colour 
under the action of acids and alkalis. Litmus, methyl orangCj 
phenolphthalein, nitrophenols and methyl red are well-known 
indicators of this group. 

According to Ostwald’s theory of indicators, these substances 
are weak acids or weak bases, one radical of which in the ionic 
state has colour different from that in the undissociated state. 
Phenolphthalein functions as a very weak acid ; its salts formed 
by the action of alkalis are highly dissociated giving an intense 
pink colour. In acidic solutiohs, the dissociation of this weak acid 
indicator is all the more depressed, and it gives Iiardly a piienol- 
phthalate ion. 

H.Ph===H'^d-Plr‘(dissociation very^small). 

NaOH-^(Iarge dissociation). 

NaPh->Na++ Ph,“"(coloured) , 
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• Methyl orange is the sodinm salt of a' siilphoriic acid and is, 
iargely iorused ill solution. The anion^ 

(CH3)aN<^ \_N=:N-(^ \sO3- 

is yellow. In presence of acidsj this behaves as a weak base. H+ 
ion, gets attached to one of the N=N nitrogens, and rearranges to 
form' a, red ion with a quinonoid ' structure. 

(ch 3)2N=<^ ySOg- 

On the addition of alkalis, the structure again changes to that 
of, the yellow ion. 

On the modern theory of colours, plienolphthalein also gives 
a pink coloui' on account of its assuming a quinonoid structure. 
The quinonoid structure is destroyed in an acidic solution. 

An ideal indicator is that which shows a change in colour at 
a pH 6.9.^ Plienolphthalein is colourless below a pH 8.3. Thus 
a solution just neutral to phenolphthalein is in fact slightly alkaline. 
A solution neutral to litmus is exactly neutral, the neutral point 
is at pH 6*9. A solution neutral to methyl orange is slightly acid 
(0.0005 M), methyl violet requires 0* 01 jV* acid for a colour change. 

In acidimetry and alkalimetry, the choice of indicator depends 
upon the hydrogen ion concentration of the residting salt. If a 
slightly alkaline salt, like sodium ■ .acetate , or ' oxalate, is formed 
(alkaline clue to the hydrolysis) at the neutral point, an indicator 
is used which will^show a change in colour on the alkaline side. 
Such an indicator is phenolphthalein as we have already seen (the 
colour appears at pH 8.3), and, it is, therefore,, used in titrating a 
strong alkali like caustic soda with a weak acid like acetic or oxalic. 

Common Indicators 


Colour 


Indicator 

pH range 

Acid 1 

Alkaline 

Bromocreso 1 purpl c 

5 * 2 to 6 ‘.8 

Yellow : 

Purple 

Bromophenoi blue, 

3-0 to 4-6 

Yellow ! 

Bluish-violet 

Broinothymo! blue 

6-0 to 7-6 

r Yellow ! 

Blue 

Gochirical 

.4*8 to 6 •2' 

■ Yellow 

Lilac pink 

Congo red 

3-0 to 5-0 

■Blue ' 

Reddish-yellow 

Litmus 

4' 5 to 8-3 

■ Red . . 

Blue 

Methyl orange 

3 . I to 4-4 

Pink 

Yellow 

Methyl red 

4-2 to6>3 

■Red' 

Yellow 

Phenol red 

6-8 to 8.4 

Yellow 

Red 

Phenolphthalein 

8 0 to 9-8 

Colourless 

1 Red 

Thymol liliie 

a -{5 .oQ-fl 


1 
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If the resultiag salt is slightly acidic at the neutral point, as 
' is ammonium chloride, one has to, choose an indicator which shows 
■colotir change on the^ acid side. In the case of methyl orange, 
the change in colour occurs between pH 4 and 6, and therefore, it is 
used in titrating weak base like ammonia solution with a strong 
acid like hyrochloric acid* 

(ii) Adsorption indicators— Stsitch solution in \vater is a colloidal 
dispersion. The finely dispersed particles markedly adsorb free 
iodine, which presents a blue tint, when present in small concen- 
trations. This fact is utilised in iodometric estimations, in which 
starch solution is used as an indicator. The solution of starch 
must be fresh, 

A number of adsorption indicators are utilised in halide esti- 
mations. The precipitate of silver halide, when it is first formed 
from a solution is colloidal in nature and the particles are charged. 
The adsorption indicators are, for the most part, organic dyestuffs, 
as phenosafranine, fluorescein, etc., which can be adsorbed by the 
silver halides. On running a solution of sodium chloride into a 
solution of silver nitrate, the end point is clearly marked by the 
white precipitate of silver chloride becoming coloured. 

(hi) Precipitation indicators — 'Potassium chromate is used as 
an indicator in the titration of silver nitrate with potassium chloride. 
This method of estimation of silver depends upon the fact that silver 
chromate, though comparatively insoluble is more soluble than 
silver chloride *and that the colour of silver clircmate is red. The 
silver chromate dissolved will yield sufficient number of silver ions 
to exceed the solubility of silver chloride. Therefore, so long as 
chloride ions are present in a concentration suflicient to precipi- 
tate silver chloride, no silver chromate will come down as px'eci- 
pitate. The precipitate of silver chromate only appears when the 
concentration of chloride ions is so much reduced that the silver ions 
available from the solubility of silver chromate are sufficient to 
" exceed the solubility of silver chloride. 


*The solubility products of the salts are not exactly compar- 
able, as silver chromate per molecule gives three ions on dissociation, 
whereas silver chloride gives only two ions. 

^ ForAgGl [Ag+] [Gl-] = 1.2x 
For AggCrO^, [Ag+] ^ [GrO^^] == 1 .7 X 1 0“-^^. 

Thus, though the solubility of silver chromate is more than trat 
■of silver chloride its solubility product is less, as the square of silver 
ion concentration has been taken into account. 

Silver chloride, 1 . 1 X 10““® moles per litre soluble. 

Silver chromate 7,5x 10~® moles per litre soluble. 
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lu the titration of silver nitrate and potassium ' thiocyanate 
ferric alum is used: as iadicator. ; Silver . thiocyaate: , has ■ a ,;Small^ 
solubility 8 * 5 x, 1 0,"“’^ moles ,per- .litre. Very few thiocyanate, .. ions 
are available from this, ■ solubility. .These. ionS' are ■ sufficient, to 
produce undissociated molecules of ferric t iocyanate which alone 
exhibits the characteristic red colom'ation when present in sufficient 
concentration. When all silver' ions have been, precipitated ' out 
J as silver thiocyanate, the addition of a further quantity of potassium 
1 ^ thiocyanate gives a red colouration '.of ferric thiocyanate with 
^ ferric alum. 

, (iv) Oxidatmi^reAuction indicators — »The -use" of the indicator 
depends upon ' the relative,, redox ..(abbreviation of ... reduction*^ 
oxidation) potentials. The familiar example is the use of sodium 
diphenylamine sulphonaie . in ferrous-dichromate titrations. The 
chromate is an oxidising agent : It oxidises ferrous ions to ferric 
and also the diphenylamine salt to a bluish grey colour. But the 
redox potentials for the two reactions are such that so long as fer- 
rous ions are present, they are preferentially oxidised and the 
oxidation of diphenylamine sulphohate only occurs after the dis- 
appearance of ferrous ions. 

Sodium diphenyl amine sulphonate -is' prepared by stirring 
0.32 g. ofbariunr diphenylamine sulphonate in 90 ml. of water, 
and adding 0.5 g. sociimn sulphate in 10 ml. of water. After the 
mixture has been stirred for some time, 'the precipitate, is filtered 
off. Six to eight drops of the ■ ■filtrate are iised for each titration, 

' S,ECTION I ■ 

AcicEmetry and Alkalimetry 

; In a neutral solution, the concentrations of hydrogen and 
hydroxyl ions are equal. In pure neutral 'water, G,h= 10'’"'^ and 
gram-equivalents per litre. The pH of this so.!ution is 
7 : when pii is less tlicn 7, the solution is acidic ; and when it is more 
than 7, it is alkaline; Ph of jV/lO'NaOH solution is 13 and Jsfj 10 
HGHs i. 

When an acid is being estimated '.'by' titration with a standard 
solution of an alkali, one does 'not necessarily aim at producing a 
neutral solution. One simply wants to '■ find out a c|uaiitity of 
the base equimlmt to that of the acid. It is only when the base 
^ I *.and acid are both strongs the resulting solution is exactly neutral; 
in other cases, the hydrolysis of the .resulting salt makes the solution 
alkaline or acidic : 

GH3G00Na+H20-->CH3C00H+Na++0H-(alkaline). 


'liTTT I 
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Methyl orange is yellow in all solutions of pH greater than 
4 (it is not affected by HGN, H^GOg and boric acid which have 
pH always more than 4), The Icolour of this indicator changes 
from red to yellow between pH ;2 . 9—4 . 0, 

Phenolphthalein (used in alcoholic solution) is colourless. 
It gives a pink colour on the alkaline side; its range of use is 8 J- 
10 . 0 ; it is suitable for the titration of inorganic and organic acids 
with strong bases with NaOH) ; but it cannot be used in the pre- 

sence of carbonic acid or of ammonium salts (not with NagGOs 
NH4OH). For accurate work the caustic alkali solution should 
be protected from carbon dioxide. 

Standard Solutions — (i) Standard solution of sodium carbonate 

pure sample of anhydrous sodium carbonate is xisually available. 
If not, heat sodium bicarbonate in a porcelain dish to redness till 
the weight is constant; and use the sample* 

2 NaHG 03 =Na 2 G 03 +Hp+G 0 ,. 

For a normal solution, one requires 53 g. per litre^ 

(ii) Standard oxalic acid solution — normal solution of oxalic 
acid would require 63.00 g, of the crystallised oxalic acid, 
H 3 G 204 . 2 Ha 05 per litre. There is no difficulty in weighing and 
preparing solution of this acid. 

(iii) Standard solution of sulphuric acid— Tht solutions of sul- 

phuric acid, at different concentrations, have different densities 
as given below (concentrations are given as percentages by weight 
ofH,S 04 and at 15°) : ^ 


Sp. gr. 

% 

H.SO, 

Sp.gr. 

% 

H 2 SO 4 

1.005 

0.83 

1.500 

59-70 

1.030 

4.49 

1.55) 

64-16 

1.070 

10.19 

1.600 

68-51 

1.100 

14.35 

1.650 

72-82 

1.150 

20.91 

1.700 

77*17 

1-200 

27-32 

1-750 

81-56 

1.250 

33-43 

1-800 

86*90 

1.300 

39-91 

1*810 

90-05 

1.353 

44*82 

1-840 

95 -ep, 

1,400 

50*11 

1-840 

98-20 

1 .450 

55-03 

1-8385 

99-95 


A normal solution requires 49 grams of sulphuric acid per 
litre. But the pure sulphuric acid is rarely obtained, as it is 
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mixed up with watetj its standard solution cannot be prepared by 
weighing. From the above table, one can find out the density cor- ' 
responding to, the required concentration, and prepare the solution 
of this specific gravity. This approximate solution is titrated 
against an alkali solution of the known strength. 

It is advisable to prepare an acid, stronger than the required, 
and then dilute it to the required strength after titration. 

Suppose we are required to prepare 250"ml. of J¥/10 sulphuric 
i \ ^cid, and the stock solution of sulphuric acid that we have prepared 
gives the strength on titration as M15,5; now,: 

■ Y L¥ 

■ X X mi.= x250 ml 
I 5.0 10 

yL X 250 X 5 . 5 ml 
= 137.5 ml 

Therefore, if we take by burette and pipette, 137.5 ml of 
Y/5 . 5 sulphuric acid in a 250 ml. flask and dilute it to the standard 
mark, the acid thus diluted will have the strength JVjlO, One can 
always prepare a standard solution of an acid, by diluting a stronger 
\ acid of a known strength. 

Sulphuric acid is titrated against standard sodium carbonate 
^ y-solution, using methyl orange as indicator. Acid solution is taken 
in the burette, and 10 ml (or 20 ml) of the standard sodium car- 
bonate solution arc pipetted out in a clean beaker '(the pipette is 
always rinsed i)e.fc>re use with the solution 'to' be pipet'ted). The 
beaker is placed on a white paper or tile, and the 'acid rim from the 
burette till the colour just changes from yellow to pinla 

fiv) Standard soiutmi nf caustic soda— A normal solution contains 
40.00 g. of NaOIl per litre.. It is prepared by dissol.ing the 
caustic soda sticks hvcighed approximately) in water free from 
carbon dioxide {inn, in water which has been boiled): it ds then 
! standardised by titration against a standard.. a c,kl soliitionfsay caustic 
soda, using plicnolpliihaleiii as indicator)... '■ 

If one intends preparing a solution. -.of an exact specified 
strength, he ought to prepare a solution of h'igher conci-iUration, 
and thni dilute it according to calculations. 

Suppose tlie stock solution standardised .is of A’ 15. 2t) strength 
'Sand' one requires to have 200 ml of A" 20 NaOH from it. . 

I X200x35*20=15> . 
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; Thus"! 52.0 ml -g^NaOH ;whea pipetted . o a 200 

ml flask, and raised to the standard maik will give an alkali 
of jVy20 strength: 

(v) Standard solution of hydrochloric acid~lt is prepared in the 
same way as sulphuric acid, and titrated against a standard solution 
cf sodium carbonate (methyl orange as indicator), or against a 
solution of caustic soda (phenoiphthalein as indicator). 

{m) Standard solution of borax— NagB^G^. 

(sodium tetraborate decahydrate) is a very convenient alkali for 
standardisations. It can be easily purified by recrystallisation : 
it has a large equivalent weight, 190.72, and a sharp end point 
can be obtained with methyl red at room temperatures, since 
this indicator has no effect upon the very weak boric acid. Reac- 
tion in titration is : 

Na,BP7.i0H,O+2HGl=2NaCl+4H3BO.+5H,O, 

Crystallisation of borax — ^Dissolve 15 g. of borax in 50 ml. of water 
and crystallise at the room temperature. Filter the crystals at the 
pump, wash twice with water and then twice with portions of 95 per 
cent alcohol, and finally twice with ether. Spread borax in thin 
layers on a clock glass to dry at the room temperature. i 

For elementary work, one can weigh out 4*7~4’8g. of A.R.^ 
borax on a watch glass or iri a small beaker for a 250 ml. volume! 

(vii) Mercuric oxide solution — Mercuric oxide dissolves in 
potassium bromide solution with the production of potassium 
mercuric bromide and an equivalent quantity of potassium 
hydroxide; 

Hg0+4KBr+H,0=K,(HgBr4) +2KOH. 

A 0*1 JV* solution of KOH is thus obtained by dissolving 10*83 g. 
of A.R. mercuric oxide in a solution of 200 g. of A. R. potassium 
bromide in 300 ml of water, and then raising to 1 litre. This 
solution can be used for titrating acids, using phenoiphthalein 
or methyl orange as indicator. 

(vii) Standard baryta solution — Barium hydroxide or baryta 
solution is widely used for titrating organic acids. Since barium 
carbonate is insoluble, baryta solution is a carbonate-free strong 
alkali. Its standard solution cannot be, however, prepared by direct 
weighing. To prepare an approximately 0.L¥ solution, dissolve 
18 g. of A.R. crystallised baryta, Ba(0H)2.8H20, or 20 g. of the^ 
commercial substance in 1 litre of volume. Decant the solutkfp 
after having allowed it to stand for 2 days. A soda-lime guard 
tube is provided to prevent ingress of carbon dioxide. The solution 
must be standardised against 0. IjV* hydrochloric acid using phenoi- 
phthalein or thymol blue as indicator. 
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No. 1 

Estiittation of caustic soda aod sodiuin carbonate ' 

■ in a naixttire of botb. 

; Take 20 ml. of the given solution: in a beaker, and a standard 
solution of sulphuric acid (say JV7IO) in.' the burette. Use phenol* 
phthaiein as indicator and titrate. 

2 Na 0 H+H 2 S 04 :=.Na 3 S 04 +^^^ 

2 Na 2 G 03 +H.S 04 == 2 NaHG 03 +Na 2 S 

Caustic soda gives the complete' titre value. While sodium,' 
carbonate gives pink colour with phene Iplithalein, , sc dium bicar- 
bonate does not, and therefore, the end point is approached the 
moment, the whohi carbonate is changed to bicarbonate. ' 

At this stage, add a few drops of methyl orange (which would 
give a yellow colour), and titrate further with the standard solution 
of sulphuric acid, till the red colour is just obtained. 

2 NaIlCC) 2 +H 2 S 04 .r=:Na 2 S 04 + 2 H 20 +CO^. 

Sodium, bicarbonate acts on methyl orange, whereas sodium, sul- 
phate does not. Repeat the readings. 

Example — 20 ml. of the solution taken and titrated with JVj 10 
sulphuric acid: 

I* ■ When plie,riolphthalein was added, the endpoint appeared 
at' 20 ml. of the acid. 

2. After this, methyl orange added; the further acid re- 
quired =2. 5jnL 

ANaHG03-->Na2S04 requires 2.5 mi. of H2SO4. 

ANa2G03*^>XanS04 requires 2.5 x 2-5.0 ml. ofMllO H2SO4. 

Out of the total (20+2.5) or 22.5 ml of the acid, 5.0 ml. 
correspond to Na^GO^, and the rest 22.5 — 5.0.= 17.5 ml* corres- 
pond to NaOH. 

Mumerkal—A mixed solution of potassium hydroxide and 
sodiiuii carbonate required 20 ml. of MjtO hydrochloric acid when 
titrated with phenolphthalcin as indicator. But the same amount 
of the solution, when titrated with methyl orange as indicator re- 
quired 30 ml. of the same acid. Calculate the amount of potassium 
hydroxide, KOIi, and sodiiim carbonate, Na^GOg, in grams. 

Phenolphthalcin gives the full titre value of KOH solution 
4*1 the titre value of Na2GO3^20 ml of Mj2Q HGL 

Methyl orange gives the full titre value of KOH + full titre 
value of NagCOaHSO ml. ofMjlO HCl 
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.'.The difference (30— 20= 10) ml. of jYI20 HGI corresponds to 
the titre value of NagCOj solution. 

The strength of NaaGOj solution=2x lO or 20 ml. of jV)^20 
HCl. 

And the strength of KOH solutions 20 — 10 or 10ml. of ■]Vj20 
HGI. 


Now since 20 ml. of „¥/20 HG1=20 ml. of A720 Na^COs, the 
amount of NaaCOg (eq.wt.=-53) in grains 



20 

1000 


=0-052 g. 


Again, since 10 ml. of jV/20 HG1=:10 ml. of Nj2(i KOH, the 
amount of KOH (eq.wt.=56) in grams 





No. 2. 

Estimation of sodium carbonate and sodium bicarbonate 
in a mixture of botb. 

Titrations are done against a standard solution of sulphuric 
acid (JVyiO) using phenolphthaiein as indicator first, and then com- 
pleting the titration with methyl orange. 

Phenolphthaiein does not act on sodium bicarbonate and, 
therefore, the titre value corresponds to the stage : 

NasGOa-^NaPIGOg. 

When methyl orange is added at this stage, we get the com- 
plete titre value : 

NaHG 03 -^Na 2 S 04 . 

Example — 20 ml. of a mixture, when titrated against jV/10 
sulphuric acid, the end point with phenolphthaiein was reached 
at 5*0 ml. and at this stage, methyl orange was added, fthc cpiantity 
of acid further required for the end point was 20.41 ml. 

/.Amount of Na 2 G 03 corresponds to 2x5*0--40*0 ml. of 
JV*/i0 acid and the amount of NaHCOo to [ (5*0+20*4) — 10*0] 
ml. or 15 ‘4 mi. of the acid. 

Numerical — 25 ml. of a mixed solution of sodium carbonate 
and bicarbonate, required 12 ml. of Nj20 HGI when titrated in 
presence of phenolphthaiein, but 25 ml. of the same when titrated 
separately in presence of methyl orange required 30 ml. of NI2Q 
HGI. Calculate the amount of anhydrous NasCOg and NaHCOg 
in grams per litre of the solution. 
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(i) The titre value with phenolphthalein corresponds to half 
the value of Na^C O 3 alone (NaHCOj gives no indication) = 12 ml. 
of JV/20 HGl. 

(ii) The titre value with methyl orange corresponds to full 
NaoCOy and NaliCOsSSO ml. of JV 72 O HGI. 

From (i), the full value of NaaGOj 

= 12x2-24 ml. of jV/20 HGl 
=24 ml. of .V/20 NaaCOa. 


This amount is present in 25 ml. of the mixed solution, hence 

,• n . 24X1000 

per litre, it corresponds to - 


ml. of jV720 Na^GOs. 
1 


53^,24x1000, . rxT 

20 ^ 25 ^ 1000 NajC 03 


=2.5 H g. of NaaGOj. 


From (ii), now, the full value of NaFIGO^ alotie would cor- 
respond to (30—12 X 2=6) ml. of jV/20 HGl. 

=6 ml. of 2V/20 NaHGOj 

This amount is present in 25 ml. of the mixed solution. The 
■equivalent weight of NallCOg is 84. and hence, the amount of 
NaHCOg is: ■ 

_ 6x1000 84 , 1 

25 ^^20'‘^ld00 

= 1.008 g. of NaHCOg. 

EstimatiOtt 0f a'inmoilia iit amnaoniiim salts*. 

The aramorna expelled by lieating the ammoiiiuixi com- 
pound with a couceiitratexl solution of sodium hydroxide is absorb- 
ed In a known vriluiTie of a standard aridj usually siilpliuricj and 
the excess rjf arid is ileierimne.d by tilration with a standard solution 
of alkali. 

For practical experiments, one can weigh out abruit 4 g. of 
amiiv'^uiuru dil!>ridt.i accurately, and place it in a distillation flask. 
Tlic ii.isk is httc;d up with a dropping funnel for caustic soda solu- 
tion, and atjothcr delivery tube (it may be a simple bent tube con- 
nected \udi a . which di|>s into the standard solution of 

dilute sulphuric: acid placed in a conicai flask (take 100 ml. of 
•jV-sulpliuric acid': . Drop a strong solution of caustic soda from the 
-dropping funnel and distil out the evolved ammonia. Make up 
the volume of the distillate to 250 mi. Take 10 ml of the made up 
solution and titrate it with .y/2 NaOH solution. 

NH/Jld-^a0^i-=NaGi+NH3+H20. 
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Alternate method~-4.t &^^^ decomposing the salt by 

boiling it with a known volume of standard sodium hydroxide 
tion; the bailing is continued until no more ammonia fescapes with 
steam. ' In this experimentj sodium hydroxide must be taken in 
excess. A portion of the alkali' would be used up in the decom- 
position of the ammonium salt and the excess left over is titrated 
with a standard solution of an acid. 

From the equation given abovCs it will be seen that 17*00 g. 
NHg correspond to 40 g. of NaOH. 

EXAMPLES ■ 

(i) 2. 50 g. of an ammonium salt were heated with an excess 
of caustic soda, and the evolved ammonia was absorbed in 60 mb 
of JV-sulphuric acid solution, the excess of the acid required 14 ml; 
of N NaOH for titration- Calculate the percentage of NH.^ in the 
ammonium salt. 

14 ml. of N NaOH=14 ml. of N H2SO4* 

Thus, M sulphuric acid used up=60 — 14 ml. =46 mb 

S46 mb N NaOH. 

=46 ml. N NH3. 

17x46 

The amount of NH3 in the salt is g* 

-0*782 g. 

The percentage of NH3 in the salt a=:31 • 28. 

{ii) 2*26 g. of an ammonium salt were treated with 50 mb 
of normal caustic soda solution, and boiled till no more of ammonia 
was given off. The excess of the alkali solution left over was 
titrated with JV* sulphuric acid. The volume of the acid required 
was 10 mb Find out the percentage of NH3 in the salt and also the 
percentage of ammonium radical," NH4. 

10 mb of M H2SO4=i0 mb of M NaOH; 

The amount of alkali used up (50 — 10) mb =40 mb 

40 mb of JV NaOH=40 mb of JV NHg- 1 0 mb of JV NH4. 

The equivalent weight of NH3 is 17 and of NH4 is 18. 

40 ml. of JVNHg contains g.=0.680 g. of NH3. 
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Therefore^ the salt contains =:30.09%NH3. 

, Similariys it contams — % ' 

Esiimaimn of nitrates' and nitrites by reducing them to ammonium salts 
by Dedardds alloy~M\ the nitrites and nitrates are reduced by 
De Varda’s alloy to ammonia. The alloy has the composition 
(Ai 45^ Gil 50j and Zii 5) . The given weighed sample of the nitrate 
is treated with this alloy in presence of a sti'ong solution of caustic 
soda,j and heated. The nitrate is induced to ammonia. 

3NaOH+ Al(ONa)3+3H. 
NaN 03 dT.H-Na 0 Hd>NH;rf 21 T/). 

The ammonia is distilled and absorbed in a known volume 
of a standard solution of an acid. The excess of the acid is then 
titrated with a standard alkali solution. 

From the reactions, it is clear that - 
NaNOsSNH^sHCfeNaOH 
85*0 17 36*46 40*03 

Example — *1 .219 g. of sodium nitrate sample was reduced by 
Devarda^s alloy, and the ammonia evolved was absorbed in 100 ml. 
of jV/iO HC! solution. The acid was then .transferred to a flask 
and made up to 250 ml. ; 50 ml. of the acid when titrated with 
jV720 XaOH required 13*4^ ml. of the alkali. Find out the per- 
centage of sodium nitrate in' the sample titrated with a standard 
alkali solution. 


The total acid left unuseds 


: 13,4x5=67.0 ml. of JV/20 NaOH 
e 33.5 ml. of jV/IO HGL 


Therefore, the acid used up= (100-33*5) or 66*5 ml. 
66.5 of ml. jVyiO HCfe66.5 ml, of jVyiO NaOH. 
S66.5 ml. of JVyiO NaNOa. 

66*5x8*5 ■ ■ 

^ iOOO ■ 

=0.5652 g. of NaNO,. 

Thus the prcccntage of NaNOj in the sample is 
=46.37. 


0.5652X100 

[1.219 


SECTION II 

O^ddation and Redmetion 

Oxidation Potassium dichromatc and potassium per- 

manganate contain oxygen which is made available to various 
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substances for oxidation. But these substances lose this 'available 
oxygen only in the presence of a reducing substance (a ^substance 
capable of receiving oxygen) . . The reaction is best studied in the 
presence of dilute sulphuric .acid. During the process of oxida- 
tion, potassium dichromate is itself reduced to potassium and 
chromium salts and potassium permanganate to potassium and 
manganous salts. Thus in presence of sulphuric acid, we have: 

K.CrP,+4H,S0,=K,S04+Gr,(S0,),+4H/)+.^^^^^ 

2KMn04+3H,S0,-K,S04+2MnS0a'3,ap+50. 

Three atoms of oxygen are available from one molecule of 
Kfirfi-j and five atoms of oxygen from two molecules ofKMnO^ 
for the purpose of oxidation. 

Equivalent weights,— In order to prepare standard solutions, we 
require the equivalent weights of these oxidising substances. Here 
the gram-equivalent weight of a compound is taken to be that 
weight which shall oxidise one gram-atom (1 .088 g.) of hydrogen 
or will supply 8.000 grams of oxygen for oxidation. 

Oxidation — It is the increase in the positive valency of an ele- 
ment or radical by the addition of oxygen, chlorine or some other 
atom or radical which can constitute anions or electronegative 
radicals. Oxidation is also defined as a process which results in the 
loss of one or more electrons by atoms or ions. An oxidmng agent 
is one that gains electrons and is reduced to a lower valency condi- 
tion. When sodium burns in chlorine, sodium is oxidised, it loses 
one electron: 

2Na+Gl,->2Na*^Ch 

Na-€=:Na-^' 

Reduction — It is the decrease in the positive valency (or increase 
in the negative valency) by ‘the removal of oxygen or some elec- 
tronegative atom or radical, or by the addition of an atom or 
radical which can constitute cations. Reduction is again a process 
which results in a gain of one or more electrons by atcaiis or ions. 
A reducing agent is one that loses electrons and becomes oxidised to 
a higher valency condition. 

Oxidation number — Oxidation number of an clement is a 
number which applied to that element in a particular compound, 
indicates the amount of oxidation or reduction which is rccj[uircd 
to covert one atom of the element, from the free state to that state 
with which it is associated in the compound. If the oxidation is 
necessary to bring out this change, the oxidation number is positive. 
Again, if reduction is necessary, the oxidation number is negative. 

Rules for oxidation numheT,—^ht> following considerations 
would help in determining the oxidation number (abbreviation O.N.) 
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(i) The O.N. of free or uncombined element, is zero, as of 
elementary CjSjClj etc., we shall write is G®, S®, Glj° etc. 

(h) I'lxc^cpt in hydrides, the O.N. of hydrogen in combina- 
tion is+ 1 , 

(m) The O.N. of oxygen in combination is— 2. 

(iv) 'riie O.N. of a metal in combination is positive. 

(v) The O.N. of a radical or an ion isjthat of its electrovalency 
with correct sign,"l-or— , attached, i.e., is equal to its charge. 

(yi) I'lie O.N. ofa compotxnd is always zero and is determined 
by the sum f>f the O.N. ’sof the individual iatoms, each multiplied 
by the nunihcr of atoms of the element in one molecule. 

Examples — 

1 . What is the O. N. of S in H 3 S? 

O. N. of HjS is zero (rule vi) 

O. N. of His-l- 1 (rulen) 

/.O. N. of 2H is +2 
+2+ (O.N. ofS)=0 
.*. 0 . N. ofS=-2. 

2. Wlmt isthc O. N. ofNin HNO 3 ? 

O. N. ofHfO. N. ofN+3x(0. N. ofG)=0. 

I+O. N. ofN+(3x-2)=0 
.‘.O. N. ofN.= -|- 6 -l =+5 

3. WluUistheO. N. ofMnisKMnO*? 

O. X. ofK is - 1 - 1 ; O. N. ofO* is 4x (-2) = -8 
-i-I + p. N.ofMn)-8=0. 

.-.O. N. ofMn=-l-7. 

4. What is the O. N. ofGr in K^GrO* and K,Cr»Oj? 

(ij InKjCrOj,— 

O. N.of2Kis2x(-i-l)=2 
O. N. of O* is 4x (-2 )- -8 
.•.2-i-(O.N. ofGr)-~8==0, 

.-.O. N. ofGr=8-2=-l-6. 

:-V) InKjCrA- 

2-!-2(O.N. ofCr)-i-7x (~-2)==0 
.♦.2(0. N. of Gr)==i4-2 = -i-12 
.-.O. N. Cr.^-i- 6 . ' 
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Thus O. N. of Gr iu' both'' K 2 Gr'G 4 and KaGr^G^ is +6,, that 
isj chromium is in the same' oxidation state in" these compounds. 

Now we have seen that one gram-molecule of ' potassium 
dichromate in acidic solutions supplies Sgramjatoms "of oxygen for 
oxidation^ the, oxygen, which can oxidise 6‘ gram-atoms i (6.043g.) 

iC. Or O 

of hydrogen. So that the equivalent weight 'Will be 

because this will be the amount, which will oxidise. 1 gram-atom 
(1.008 g.) of hydrogen. 

/.Equivalent weight of K^GrgO? for normal solution is: 
K2Gr20. ^ 294.18 _^^^Q3 

■ • 6 ,, , 6 * ’ . 

Similarly, two molecules of potassium permanganate in pre- 
sence of acids supply 5 atoms of oxygen for oxidation, i.r., the oxygen 
which can oxidise 10 gram-atoms (10.08 g.) of hydrogen. So 

2Klh4nO 

that the equivalent weight will be - — — ^because this will be 

the amount which will oxidise 1 gram-atom (1*008 g.) of hydrogen. 

.‘.Gram-equivalent weight of potassium permanganate for 
normal solution is: 


2KMn04 2x158.03 316.06 

10 10 ~ 10 


31.606 g. 


The reaction may be simplified as: 

2KMn04=:K,0-f2Mn0+50. 

H,GA+0=H,0+2CO. 


No. 3. 

Titration of oxalic acid with potassiiun permanganate 

iJfiach'on— Potassium permanganate in presence of dilute 
sulphuric acid oxidises oxalic acid to carbon dioxide and water. 
The following reaction takes place: 

2KMn04+5C,04= -1-3H,S04=t 1 OGO,- 1 -K,S 04 

-l-2MriS04-h5H,0. 

The ionic equation is: ■ 

2 Mn 04 --|- 5 G, 04 “-hl 6 H+ =Mn++-|-10CO,+H,O. 

Suppose one is required to determine the exact strength of 
^oxalic acid solution supplied, the approximate strength of "which 
is given to be about jV/20. This can be done by titrating it against 
a potassium permanganate solution of known strength Cann. 'N’lort\ 
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10 presence of dilute sulphuric acid. Now it is difficult to prepare 
,a solution of .permanganate of exactly theldesired 'strength and so 
it has got to be standardised. This is;: done by titrating it against 
a solution of oxalic acid of known strength which can easily be 
prepared, I 

(i) Preparation of an oxalic acid solution of known strength (accurate 
but near about jVy20) —As has already bee.n ’s,hown, a normal 
solution of oxalic ■ acid contains 63 g. of oxalic lacid per litre . Hence 
for jV’/20 solution, we shall require 63/20 g.— 3T5 g. oxalic acid 
per litre. So that if we are preparing the solution in a 100 mi. 
measuring flask (which is generally the ease), we require 

3*15 

jQ 3150 g. of oxalic acid. 

Now ■ accurately weigh out about 0.3150 g. of pure A.', R. 
quality oxalic acid, dissolve it in water and raise the solution to 
100 ml. in the measuring flask. Suppose you have weighed m g. 
for 1 00 ml, solution, then the strength of the prepared solution 

(ii) Preparation of KMn 04 ^ solution of approximate strength J{j20 
— normal solution of KMn04, as has been shown, contains 31.6 
g. of KMri04 per litre, so that for Mj2Q solution, we require 1*58 
g. per litre. 

Hence, weigh out about 1.58 g. of KMn04 and dissolve it 
in about a litre of water; This is KMn04 solution of about jV720 
strength. I'his solution is generally supplied, and is to be standard- 
ised,. 

{iii) Standardising the solution of permanganate against ike prepared 
oxalic acid solutmh--fakc permanganate solution in the burette. 
Now take if) ml. of the prepared -oxalic acid solution in a clean 
beaker by means of a pipette and add to it about 10 ml. of dilute 
suiphiiric acid. Warm it to 90^.'‘ or so. Now add to it, the per- 
manganate solution gradually till a light pink colour just appears. 
Repeat tlris prociiss two or three times and take tlic concordant 
values as the value requird per 10 ml. of oxalic acid solution. The 
sti'ciigth of the permanganate solution is calculated as follows: 

Arnt of oxalic acid weighed— « g. 

Oxalic acid is dissolved in water and raised to 100 ml. 

jV* M 

Strength of oxalic acid solution^-g-g • 1 Out— * m 

VoL of oxrtlic acid taken for titration— 10 ml. 
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Titre value of Fj ml. 

Let the strength of KMn 04 solution be 
Strega of KM„0,xvol.=«reng,h of oxalic »id X vol. 




X 

if. 

X 


'x 10 

^ 10 
= -^3Xmx^. 


i« odtoioed. 

Volume of unknown oxalic acid=10 ml. 
Titre value of KMnO* for this= F,. 


Let the strength of oxalic acid (unknown) be 

Strength of unkown oxalic acidxvol. 
=strength of KMnO^xvol. 


jY 

y 


JV 


y 

if. 

y' 


XlO: 


J^Xmx 10 


6.3 xFi 
10 


X F, 


J^Xm 10 F 
= 6.3~^ F^^IO 

. J^Xm V, 

6.3 


subXte63for^S'^yl° per Ktro 
oxalic acid i„ gr.,„, p., „„f u.e^3„,^£” “>»»>• ol 


63x;?z K ^ y 

-^x^=]0«x^. 


JVumericd—l. Find mu- ^ 
solution in grams of ifhXS acM 

require 17 ml. of JV/25 20 ml. of which 

permanganate solution. 

Xvolumefnmlf*^’^^^^^ acid X volume in ml. = strength of KlvInO^ 
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jV JV 

-X20=~xl7 
X 25 

25 20“ 29.41 

Since anhydrous oxalic acid, HsCjO^, has equivalent wieght 
* 4’5 

45, the streagtli of the solatioa per litre* 

='L 530 g* per litre* 

2* . Find out the percentage of oicakte, G^Oi, in ,a 'given sample 
of an oxalate salt, of which when 0,375 g, dissolved in 100 mL 
required 12 ml. of ^/20 potassium permanganate solution for 10 
ml of the oxalate solution* ; ■** 

The strength of oxalate solution 

N IZ M 

“20^10“lO6 

The equivalent of 0,0* radical is 44. 

.*. the strength of the solution = Yg-gg g. per litre, or 

io.oo lo.oo 

g. per 100 ml. 

Since 0.375 g, of the oxalate sample contains 

4.4 

jg-gg g. of the oxalate, 

100 g. of the oxalate sample contains 

4.4 100 . 

16.66 ^0375 

the i:>eix:cmtagc of CjtO4==:70.^ 

No*: 4 

Titration of ferrous ammoiiiimi sulphate and potassiiwa 

permaugauate* 

Suppose yf>u arc given a solution of ferrous ammonium sul- 
phate of strcugtl'i approximately #/30 and you are required to deter* 
mine its exact strength. This can be done by titrating it a^inst 
a potassium permanganate solution of known strength "(about 
JVJ30) in presence of dilute HjiSO*. The permanganate solution, 
in turn, is staiKhirdised against a standard oxalic acid solution 
as before or against a standard ferrous ammonium sulphate which 
can easily be |)reparcd to an accuracy by direct weighing. 
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(j) Perparation of ferrous ammnitttn sulphate sohdum (fa known 
exact strength (about jV/SO)— A normal solution of ferrous ammonium 
sulphate contains 302.1' g. of the salt pjr litre. Therefore, 
^ 392 i 

, ,y/30 solution will require--r-g^.' g. g* per litre. Hence if 

tlie soiuto to' be'" prepares .'in' a ■- 100 ml measuriug-iiask (which 

13 07 

is ■ generally, the: 'case): -r g. of ferrous ammonium 

sulphate are required. 

Weigh out exactly about 1 ..307 g. of pure A. R, quality ferrous 
ammonium sulphate, dissolve it in water, acid af>out iO mi. of 
dilute HgSO^Uo make^Ahe- solution clear and prevent hydrolysis 
and make it up to 100 ml. in the measuiing lUsk. 

Suppose m g, of ferrous ammonium sulphate lias been weighed 
and the solution made up to 100 ml. then the strength of this solu- 
. Wx lOm M 

(ii) Preparation of ahorut jV/SO KMiiO^ M/ah'oH'“-Weigh out about 

31*6 

_-_r= 1*0533 g. of IvMnC)^ and dissolve it in about a litre of 

water. This will give about A730 Kl^InO^ solution* 

In this.: reaction, potassium permanganate in presence of 
dilute sulpkuric acid oxidises the ferrous salt to ferric. The fjiiow- 
ing reaction takes place: — 

2 KMn 04 + 10FeSO4+8HoSO4=-5Fe2(SO,)s + 2 MnS 04 + 

- • ' 

Or when simplified : 

2KMn04=K20+Mn0+50, 

i0FeSO4+5H3SO4+5O=Fe2(SO4)2+5H/). 

Tfie. ionic equation is : 

Mn 04 -” + 5Fe++ + + 4EnO 

(ii) Standardising the KMuO^ solution against tiu prepaved ferrous 
anwioniutn sulphate solution* Take permanganate solution in the 
burette./ 'Now take ml, of the prepared ferrous ammonium 
■sulphate^ solution in amlcan-beaker by, means of a rinsed pipette 

and add to it about 10 ml., of dilute H 4 SO 4 . Add to it the perman- 
ganate solution gradually till light pink colour just appears. 
Repeat tlm process two or three times, till you get concordant 
values.. This is the volume of permanganate solution which can 
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Lett Xix ])ii the slrt‘Tiqlh of permanganate SDlution, and for 
10 ml. of die ferrous iurirn )nium. sulphate soiutioUj let the' titre 
value oi' KMnO^ be <h nil. 

M -¥ 

X .,/r'oT 
A* '■ o9*21 

.y ^ JVxm . 10 

39*21' .e. 


(iv) D> /* rmhiing the- slnmuJJi of an nnknown ferrous ammonium 
sulphate 10 ml. of the unknown ferrous ammonium 

iuJphalc .s'>lutu>]i in a beaker and add to it about 10 ml. of dilute 
1/iiralc it against perinanganate solution standardised* 
Let cL be tlu; litre value of permangancitc solution for 10 mb (jf the 
imkriowii fuTous amm miiun sulphate solution and Njy be the 
strenglii of tile unknown sohuiou. 


j¥ ^ ^ ' 

y , X 1 0 — Strength of KMnO^ x zi- 


„¥ 

y 


10... 


N Am ^ 

39-2r ^ 





eV N'Atn y 10 

y "¥39*21 V, ^ 


.A¥c m iH 

V . 

39*21 


This is die req aired strength. 

If the amount of ferrous salt present per litre has to be calcula- ' 
tedj pul 392 . 1 for .¥ and get the result. 

392* 1 Am ' 

' 3y“2r ' fj®' 

-:=rI0?«X-7-g- 

Ximmcal — *20 mb of a ferrous sulphate solution required lOiub • 
of a potassium permanganate solution. Tliis permanganate 
solution when standardised against 20 mi. of .¥/20 oxalic acid solu- 
tion gave the titre \nihie 1 7 ml. Find out the strength of ferrom ' 
sulphate in terms of FeSCi*!. I'HfJ per litre. 

The: strength of KMnOii solution xv^b 
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(KMnO*) 

M 1 

The strengthof ferrous sulphate=^ Xvoi* 
=thc strength of KMuOaX voL 

- X 20 =^X 18 

y 16 
18 

>"'16^26~17-77 

The equivalent weight of FeS04. 7HgO=278 
A The strength of the solution 
278 


= ffTfj = 15*64 g. per litre. 


No. 5 

. Titration of ferrous ammouiuiii sulphate potassium 

dichromate (external indicator method) ' 

In this reaction, potassium dichromate in presence of sul- 
phuric acid oxidises ferrous salt to ferric as follows; 

6[FeS04.(NH4)2S04.6H20] +K^Ct^O,+7H^SO^ 

: :^3fb2(S04)3+Gr2(S04)3+K2S04+ ; . , 

If we do not consider (NH4)2S04,6H^0 portion of ferrous 
ammoniiun sulphate, as it does not take part in the reaction, we 
find that the actual reaction is : 

: , 6feS04+K,CrP,+7H2S04=:3Fe#04)3+&^ 

+KSO^+7tl^O. 

This may be further simplified thus ; 

6FeS04+3HaS04+30==3Fes8(S04)|^+3Hjs0. 

The ionic equation is : 

6Fe+++GrPr-'+14H^«6Fe++++2Gr++^+7Hg|0. 

^ M potassium dichromate solution is reddish-yellow in colour 



just au excess , of dichromate has been added to the ferrous salt) 
cannot be easily seeu*' In this respect. it is different from KMnOi; 
titration where,, the end; point is indicated by the light pink colour 
of KMn04. We have> therefore, to use an indicator in this case^ 
and that : too 

Iniimtor~^{a) A freshly prepared solution of potassium ferricya-* 
nide is used as an external indicator (if it were used as an internal in-*' 
dicator.it would react with ferrous sulphate forming' a complex) 
Potassium fcrricyanide gives a blue precipitate with ferrous salts 
but not with ferric, so that as long as ferrous salt is there, a drop of 
reaction solution touched with a drop of the indicator will give a 
a blue colour but as. soon as the whole of it has been oxidised, no 
more blue colour will be .obtained. 

{b) The diphenylamine sulphonate may be used as an mternal 
indicator. So long as ferrous ions are present, it is not oxidised 
but the moment, the dichromate has been added in excess, the 
diphenylamine is oxidised by dichromate, and a greenish blue 
colour appears. 

Prepare the indicator by dissolving 0 ‘ 1 g. of diphenylamine 
in 10 mi. of concentrated sulphuric acid. 

Add 4 to 6 drops of the indicator for each titration, and also 
add 35 ml. of a mixture of sulphuric and phosphoric acids (made 
up by adding 10 ml. of syrup phosphoric acid and 10 ml. of concen- 
trated sulphuric acid to 50 ml. of water and diluting to 100 ml. 
This mixture is added to remove ferric ions). Now, run in the 
standard dichromatc solution until a greenish blue colour appears. 

To find out the strength of a given dichromate solution. 

Now coming to the actual experiment, you may be asked to 
determine the exact strength of a potsssium dichromate solution, 

' ' ' jV* 

the strength of which is near about gg . This can be done by 

titrating it againsta ferrous ammonium sulphate solution of known 

strength (app. gQ) in presence of dilute H2SO4. The ferrous 

ammonium sulphate solution in turn can be standardised against 
a K2Cr207, solution of known strength which one shall prepare 
himself. 


M 

30 


(i) Preparation of a dichromate solution of a known strength.{B,'pp^ 
j)— A normal solution of KgCrjiO^ contains 49*03 g. ofKgCrgO^ 


per litre. Hence for solution, we shall require 1*6343 

g. ofK2Cr207 per litre. But if. the solution is to be prepared 


in. a 100 ml. measuring flask (which is generally the case), we re- 
quire ==0* 1634 g. of KgCrgO?, 

Weigh out exactly about 0.1634 g. of pure A. quality 
K2Gr207j dissolve it in water and make the sohitloirup to 100 ml. 
in the" measuring flask. Suppose you have weighed ?n ,g. il>r 1 00 ml . 

of the solution, then the strength of this solution is I Om 

JV 

(ii) Preparation of ferrous ammonium sulphate sohdion of app, 

QQO . I 

Strength W/SO. Weigh out about --^^— = 13*07 g. of ferrous 

ammonium sulphate, dissolve it in water, add some dilute H2SC.)4 to 
make the solution clear and prevent hydrolysis and make it up to 
a litre. This will give about aY/SO ferrous ammonium sulphate 
solution, 

{ii) Standardising the ferrous ammonium sulphate solution against 
the prepared potassium dichromate solution. This titration is different 
• from others as the intermediate solution is taken in beaker and 
not in burette as in other cases. The reason is that during th^ progress 
of the titration, we have to examine the contents of tiie beaker for 
the presence or absence of ferrous ions by means of potassium 
ferricyanide ; and the end point is taken as the disappearance of 
the blue colour which is more sensitive than the reappearance. 

Take the prepared potassium dichromatc solution in the 
burette. Now take 10 ml. of ferrous ammonium sulphate solution 
in a clean beaker and add to it about 10 ml. of dilute H2SO4. On 
a clean white tile (or a porcelain piece), put by means of a glass 
rod a number of drops of the freshly prepared solution of potassium 
ferricyanide which is to be used as indicator in order to study the 
progress of titration. Now add K2Gr207 solution from the 
burette gradually, 1 ml. at a time and after adding each m!., put 
a drop of the contents of the beaker by means of a gkiss rod over 
a drop of the indicator on the tile. After touching the indicator 
■ the rod should be cleaned with distilled water before dipping it 
again into the beaker. Thus find at what point the blue colour 
does not appear. Suppose it appears at 9 ml. and does not appear 
at 10 mi.; we come to the conclusion that 9 ml. of dichroinate solu- 
tion are too little and 10 ml. are too much for 10 ml. of ferrous 
ammonium sulphate solution. 

Take 10 ml. of ferrous ammonium sulphate solution again 
in a clean beaker and add about 1 0 ml. of dilute H2SO4 to it. Now 
run in 9 ml. of dichromate solution from the burette and this time, 



test the solution after the addition of each 0 * 1 ml. of the dichromate 
solution whether the colour - appears or not with the indicator. 
Thus you will bring down the range of accuracy to 0*1 ml. 
Suppose the blue colour appears at 9’ 6 ml. and does not appear 
at 9* 7 ml. 5 we come to the conclusion that 9* 6 ml. are too little and 
9*7 ml. are too much for 10 ml. of ferrous ammonium sulphate. 

Again take 10 ml. of ferrous ammonium sulphate solution in 
a beaker and add to it about 10 ml. of dilute H2SO4. Run in 9*5 
ml. of K2Gr207 solution from the burette and this time see after the 
addition of each drop whether the blue colour appears with the 
indicator. Thus you will get exact end point this time. Repeat 
the process by again adding 9 * 5 ml. of K2Gr207 and taking the end 
point as beforcs till you get concordant results. 

Let the volume of K2Gr207 solution for 10 ml. of ferrous 
ammonium sulphate solution as found above be v ml. and let the 
unknown strength of ferrous salt be Mjx, 

A JVjxX 10 ml —Strength of dichromate X » ml. 

M __ J^Xm ^ 

"" 4*903 ^ 10 

{iv) Determinatmi of the strength of given unknown potassium dichro- 
mate solutmi — ‘Glean your burette, rinse it with the given K2Cr207 
solution and fill it up ^vith this splution. Take 10 ml. of the stan- 
dardised ferrous ammonium sulphate in a clean beaker, add to 
it about 10 ml. of dil. H.2SO4 and find out, as before (m), the titre 
value of the given unknown KgG^'a^? for 10 ml. of ferrous 

ammonium sulphate. Let this be V 2 , ml 

Let the strength of the unknown dichromate solution be Miy. 


MlyXv*z ml — Strength of ferrous solution X 10 ml. 


Mxm 

4*903^10 


XIO 


M Nxm Vx 

y "~4“903^ P 2 


Tills is the required strength. 


If the amount per litre has to be. calculated, we put 49*03 for 
M and get tlic result : 

TT* n '49*03XmX£fi '■ 

K,2Gr207 m g. per litre *?-»* g, per litre. ‘ 

!:si3lQm'X-Ptl‘Pk. g. perTitrc-. . ' 


jVammW— Calculate the strength of a potassium dichromate 
solution, 20 ml. of which require 22 mi. of a given ferrous ammoni- 
um sulphate solution, 20 ml. of this ferrous salt solution required 
15 ml. of jV 720 potassium permanganate solution. 

The strength of ferrous solution NjxXvol. 

=the strength of KMnOiXvol. 

J^lxx20=-J^I20xl5 

T V, 15 JV 

3 " •^'^~20^ 20“ 26-66 

The strength of K2Cr20„ jV/yxvol. 

=the strength of ferrous solution X vol. 
^■/7X20=.Ar/26- 66x22 

J\r 22 ^ 

y 26-.66^20“24-'24 

The equivalent weight of K2GrgO7=49*03 

/.the strength of K 2 GraO^ solution 

=^:|| g--2*027 g. per litre. 

Exercise — Find out the total amount of potassium dichromate in the 
volume of the solution supplied. For this purpose ^ prepare your own solution 
of potassium dichromate of about JVySO strength* 

Procedure — 1. Prepare your own about JV/SO solution of 
potassiuin dichromate (weighing near about 0*1 634 g* of K^CrgOy 
accurately in a 100 ml. flask). {Known solution), 

2. Raise the whole of the given volume of the unknown dichro- 
mate solution to 100 ml. volume in a 100 mi. flask. {Unknown 
solution)* 

Note — ‘It is always preferred to prepare both the ‘known’ and 
‘unknown’ solutions in the same 100 ml. flask to minimise the error 
in the graduation of flasks. 

3. Use an intermediate solution of ferrous ammonium sulphate 
of about JVySO strength for titration. For each titration^ pipette 
out 10 ml. of this solution in a clean beaker. Use a solution of 
potassium ferricyanide as an external indicator. 

Potassium dichromate solutions are to be kept in burette. 



Complete the titratioas first with your prepared standard 
dichromate solution, and note down the litre readings. 
Then complete the titrations with the ‘"unknown’® dichromate 
solution. 

Caimlaimns— 

The amount of potassium dichromate weighed for 100 mL 
solution = mg» 

The volume of the ‘"known” dichromatc solution for titrating 
10 ml of ferrous sc)lution=i^i mL 

The volume of the “unknown” dichromate solution for titra- 
ting the same 10 mL of the ferrous solution— 

The “unknown” solution in 100 ml. contains 



Since the total volume of the supplied dichromate solution 
was raised to 100 ml. volume, the amount of the dichromate present 
in the volume of the solution supplied is also 

mXP% "■ 

No. 6 

Fotassiunai dichromate-ferrous salt titratiom 
(Internal indicator) 

The internal indicators used are (i) 1% solution of diphenyl- 
amine in cone, sulphuric acid- — Knop indicator, (ii) O' 2—0* 3% 
aqueous solution of sodium diphenylamine sulphonatc, or (iii) i% 
■solution of N-phcnyl anthranilic acid. With these indicators, 
phosphoric acid must be added. It is knotvn that phosphoric 
acid lowers the oxidation potential of the fcrric-feiTOus®*" system by 
forming a complex with the ferric ions. These indicators impart a 
green colour to the ferrous solution which deepens to a blue-green 
shortly before the end point. At the equivalence point, an intense 
purple or blue-violet coloration is obtained, which remains 
permanent after shaking. 

Titration is done in cold. Add 6-8 drops of the indicator 
(preferable («), then add 3 mi. of syrup phosphoric acid. Titrate 
slowly with the dichromatc solution; stir well until the pure green 




colour changes to a grey-green. Now acid the dichromate solution 
drop by drop, until the first tinge of biue-violct appears; this tinge 
ought to remain perrnanerit on shaking. 

^No.7" 

Betermination of diromiiiiii in a chromic salt* 

' Theory ^ — When a chromium salt, is boiled with, potassium or 
ammonium pvCrsulphate in presence of a little silver nitrate 
(catalyst), it is converted quantitatively into a diclu-oniate. Tiie 
persulphate present in excess is completely destroyed by boiling the 
solution for a;, short time. . .The dichromatc is tlicn titrated against 
a standard ferrous salt solution. 

Methodi-^FoT : practice, weigh out accurately about 2*5 g. 
chrome alum, dissolve it in 50 ml. of water. Adel 20 ml. of O’ IW 
silver nitrate solution, and then add 50 ml. of a solution, of 

ammonium or potassium persulphate. Boil tlm mixture for 20 
minutes. Cool and dilute to 250 mi. volume in a standard flask. 
Titrate the, dichromate solution against .Y/IO ferrous ammonium 
sulphate solution, using an internal or external indicator. 

AVAILABLE OXYGEN.: FROM FYROLUSITE 

The value of a manganese ore like pyrolusite for the prepara- 
tion of chlorine and for various other purposes depends upon the 
amount of available oxygen which it contains. By ‘'available 
oxygen” is meant that part of oxygen which is available for oxida- 
tion when the ore is treated with an acid; 

Mn02+2HGl==MnClo+H20+0. 
2HG1+0==H20 + Gi2 

Thus, 

■ Mn02=0=2Gls 21 ^ll^G^0^.2E^0^2FeAm.S0^ 

86‘93 16 70*92 253*84 126*07 392* i X2>- 784.2 

A number of reactions may be employed to estimate the 
available oxygen. 

(n) By the oxidation of oxalic acid — Take about 1 * 5 g. of the 
powdered ore in a flask, and pour upon it some 50 ml* of W oxalic 
acid sc>lution and 4 ml, of concentrated sulphuric acid. Heat 
the mixtxnre until all the black grains have disappeared. Filter 
the liquid and raise it to 250 ml. in a standard fliask, and determine 
the amoxmt of the' undecomposed oxalic acid in this solution by 
titmting it with jy*/l0 ,XMnp 4 solution. The amount of oxalic 
acid oxidised by the available oxygen is then found by difference. 



, Mn05j«ilI,S0,=-MnS04~hH20;4 G. .. ■ 

HoC, 04 -i-^ + 2 CO 2 . 

Or A'lnO.^ 41-1 i”+CeC :)4 ^=-A 4 n;^-++ 2 H 304 - 2 G 0 s* 

Exampk—l'(> g. f>i‘ pyroiiisite :ore' were 'treated 50 ml. 

of ./V oxalk: arid, and some sulp'hiiric 'acid. The' oxalic ■acid, left 
uiidcconi]) >Hcd was raised, to 250 . ml. 'in ; a flask. ' 25,' ml.' „of, this 
solution when titrated with ,¥/10 KAln 04 required 32 ml, of the 
solution. Find out tlie percennige of pure' AlnG^ in the sample' 
and also the percentage of t.he "available oxygen. 

The total acid left iindcconxposcd='320 .' ml. of "jV/10 KAIriO^ 

. =32 rnl. of ' jV* oxalic acid. 

Thus the oxjilic acid used~'30— 32==lc3, ml. 

X oxalic adcG d 

IP> itiL of.iV'' o,xalic acid=18' nil. of # MnGo. 

Tlic ruiiouni of MnC)^, p^cseiit in this volmns 


86*93x18 


1000 


^0*7823 



The percentage 'Of 'MriOg 'present in tlie sample is, thus, 


0*7823x100 

^ 


-=4B.'9. 


The amount of available oxygen 'in 0*7823 g. of pine "AlhOg 
16x0*7823' ^ ' 

= ■ S' 

The percentage of available oxygen is thus 


1*0 

(ii) Jfy the oxidaim qf fmous mmnanium sulphate - — ^Weigh out 
about i * 5 g. of the finely divided ore, and add to it a weighed 
quantity (say 10 g.) of the ferrous ammonium sulphate crystals. 
Digest the mixture witli dilute sulphuric acid. Raise the solution 
to 250 ml. and titrate wdth JV/IO potassium dichromate solution. 
Tims find out the amount of ferrous ammoniimi^ sulphate left un- 
oxidised. The cliflerencc gives the amount of the ferrous salt 
oxidised. 


,A!n ( >2 MnSO ^ - h H^O 4^ O. 

2FeS04idi2S04T0-4^‘eg(S04)a+Ha0. 
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Sample— ‘I • 5 g. of pyrolusite ore were treated with 1 0 g. of ferrous 
armaoniuni sulphate crystals and dilute sulphuric acid. After 
the reaction the solution was raised to 250 ml. ; 50 ml. of this solution 
were titrated with JV/ 10 KjCraO,; titration required 10 ml. of the 
diehromate solution. Find out the percentage of MnO^ in the 
sample. 

Totar Fe. am. SO4 undecomposed=(5x 10=50) ml. of 

A 710 K 2 Cr 4 O,. 

=50 ml. of JV/10 Fe. am. SO4. 


^•20x50 
1000 


g. =1-9605 g. 


.-.Fe. am. SO4 used=(I0-l-9605) g.=8-0395 g. 
But 784-2 g. of Fe. am. SO«=86-93 g, of MnO, 


. n rr- 86-93x8-0395 

Therefore, 8- 0395g. of Fe. am. &04= - 8- of 

MnOj. 

This much of MnOj is present in 0 - 1 g. of the sample. 


„ . ^ . 86-93x8-039 5x100 „ 

Hence, the percentage purity is — =09.41. 


{in) By the oxidation of potassium iodide — About O' 5 g. of the 
finely powdered ore, accurately weighed, is warmed with 25 ml. 
of concentrated hydrochloric acid, the chlorine liberated is passed 
through a strong solution of potassium iodide. This will set iodine 
free which is titrated against a standard solution of sodium thio- 
sulphate. 

MnO»+4HGl=MnCl*+2FI.O-hei, 

2KI4-GU=2KGI+I. 

For calculations, see iodometry. 


VOLUMETRIC ESTIMATION OF IRON IN AN ORE 

The iron usually present in an ore is in the ferric condition, 
and sometimes in ferrous too. The ferrous iron is estimated by 
dissoking the ore in concentrated hydrochloric acid, and titrating 
a portion at once with a standard potassium dicliromate solution. 

' To another portion of the solution, add stannous chloride 
solution in excess. The ferric iron would thus be reduced to 
ferrous : 


2FeGl3+SnGl,=2FeG!,+SnG!4 

or . 2Fe+++4-Sn-^+=2Fe-*~^+Sn-^+-*-+ 
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The excess of staanous, chloride is . oxidised by the additioa 
of a few drops of mercuric chloride solution : SaGia+ 2 HgG!a= 
SaGl 4 + 2 HgGl. The precipitated, calomel jsettles down. Now 
the solutioa is titrated with a standard solution bf potasssium 
dichromate* This gives the total iron in the ore. Subtracting 
from this the value of ferrous iron^ one gets the value of ferric iron. 

Example, 0 *9 g. of an iron ore was dissolved in concentrated 
HGI 5 and the filtered solution was raised to 100 ml. in a flask, 
50 ml. ofthe solution were titrated with jV/20 K 2 Gra 07 . The end 
“point was reached with 1 6 ml. of the solution (potassium ferricyanide 
as indicator). Another 20 ml. of the solution were reduced with 
an excess of stannous chloride, the unused stannous salt was oxidis- 
ed with mercuric chloride, and the whole when titrated with the 
same dichromate solution required 24 ml. for the end, point. Find 
out the percentage of ferrous and ferric in the ore. 

Ferrous iron in 0*9 g. of the ore=(2x 16=32) ml. of jV720 
K2Crs07=32 ml. of jy/20Fe (ous) iron. 


32x55-83 

1000X20 


g. iron=0‘ 08933 g. 


The percentage of ferrous iron is thus 9*925. 

The total iron in 0*9 g. of ores(5x24=l20) ml. of 

J^I20K,CnQ^ 


:120 ml, of JV/20 Fc (ous) iron, 

120X55*84 A.QCtp; „ nC trrk-n 

'1000X 20 335 g. of iron. 


Ferric iron is, therefore, 0*335 —0*08933 or 0*2457 g. 

Thus, the percentage of ferric iron in the ore is 27*30, 

jVS,— In these estimations, ferric iron may be reduced by 
sulphur dioxide, or by zinc (or zinc amalgam) and srdphuric acid, 
and the titration may be done with standard potassium perman- 
ganate solutions also. 

Estimation of iron in an iron wire — Take 1 g. of clean pianoforte 
wire, and treat it with 100 ml. of dilute sulphuric acid ^(add a few 
crystals of sodium carbonate to expel air from the fl^k) in a round- 
bottom iiask. Gently heat the flask. When the wire is completely 
dissolved, transfer the solution to a 250 ml. standard flask, and 
titrate iron (which exists as ferrous sulphate) with a standard solu- 
tion of KMnO^ for KsGtiOg. 

Voltwmtrk estintation of manganese in an Pattinson^'s method— 
When a solution containing iron,ziaC'and manganese^salts is. treat- 
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ed with bromine water, and calcium carbonate, ail the manganese 
is precipitated in the quadrivalent condition as manganite 
Zri 0 .Mn 02 ). ' The precipitate is then, dissolved in an excess of 
ferrous ammonium sulphate' solution, and the excess of the latter 
is titrated with a standard potassium dichromatc solution, 

Mn 02 + 2 FeS 04 + 2 H 2 S 04 -Fe 2 (S 04 ), + MriS04+2H20, 
SECTION III 
' lodometiy 

, • Iodine dissolved in potassium iodide solution is also used as 
an oxidising agent. It oxidises a feebly alkaline solution of 
arsenious oxide to arsenic acid according to the following reac- 
tions : 

As203+2l2d“2Hg0=As205d-4HI. 

•or Na 3 As 03 +l 2 + HgO^^^NasAsO^ +2IiL . 

The ionic equation is : 

AsOa — +l 2 +H 20 ?=^As 04 ---+ 2 FT‘+ 2 I-. 

This reaction is reversible and so in order to make the reaction 
quantitative, the hydriodic acid must' be removed from the held 
of action as soon as it is formed. This is accomplished by carrying 
on the reaction in presence of an excess of sodium bicarbonate. 

No, 8 

Titration of arsenions oxide with ioiMne 

Suppose, we are to determine exactly the strength of an 
arsenious. oxide solution of given approximate strength (say ,A 720 ). 
This can be accomplished by titrating it against an iodine solution 
of approximately A /'20 strength which in turn is standardised 
against an arsenious , oxide solution of known strength (about 
.jVy 20 ) which should be prepared. 

(i) Preparation of an arsenious oxide solution of known strength, 
about A 72 O). The equivalent weight .of.AsgO^ is 49*455, because 
one moiecuie is oxidised by four iodine atoms (ectuivalent weight 

iqy.oo 

%yill be of mol. wt: of. AsaOs, f.e./-r/-i== 49-455) 

preparing. 100 mi. of jV*/20 solution, we require 
20 X 10 2473 g. 

Weigh out exactly about 0 * 2473 g. of AS 2 O 3 and dissolve it 
-in about 2 mi. of shelf caustic soda solution (warm if necessary). 
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Now add 20 ml. of water. Add to it 2 drops of phenolplithalem 
solution and then dilute H2SG4 tid the pink colour is discharged:' 
Then add a saturated solution of sodium bicarbonate in excess 
and make up the solution to iOO ml. in the measuring flask with dis- 
tilled water. Suppose, we have weighed m of AsgOa; its strength 
will be ■ ^ 

jVX lOxm Nm 

“49- 455”™-^ 4^^^ 

(m) Frc^ration of about \N’I26 iodine solution — The equivalent 
weight of iodine is 126 * 92; so that fonW^ solution, we require 
196 * 92 ' 

-20 gA 2.^., 6*346 g. of iodine per litre. Take this weight 

of iodine and add to it about JO g.of pure potassium iodide and a. 
few drops of water and stir well. When all iodine has gone to a 
homogeneous mass, add more water and further dilute it up to a 
litre. This is a]:>out jV/20 iodine solution. 

[Hi) Preparation of starch solution {to be used as indicator ) — Take 
a pinch of starch and make“’a paste of it with a few drops of cold 
water in a beaker. Add boiling water to this paste. This gives 
a starch solution which is used as indicator; it gives a blue colour 
with a dilute solution of iodine. 

{iv) Standardising the iodide solution with the prepared arsenioiis 
oxide solution — Fill up the burette with iodine solution. Take 10 ml. 
of the prepared As^O^ solution in a clean beaker, add to it some 
saturated solution of (or even solid) sodium bicarbonate and some 
starch solution ; about 10 drops). Run in iodine till a faint blue 
colour is just obtained. Repeat this till you get concordant values. 
Let V mi. oi iodine be required for 10 ml, of As.* On solution oreuared. 


If Mjx be the strength of the iodine soiution;'theri‘ 


(t;) Dekrfuination of the strength of a gimu solution of an 

unknown sireMgth-^Tdkc 10 ml, of the*given AsqOs solution in a clean 
beaker, add to it some satiu*atcd solution of sodium bicarbonate 
and about 10 drops of starch solution. ' Titrate with iodine as above. 
Let ml. of iodine be required for 10 ml. of the given unknown 
AS2O3 solution. 

Let the strength of the unknown solution be. A7> 

A jV7jX 10— Strength of iodine" soiutionXtJg. 
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... JVXm 10 »2 

47945 ^ vl ^ 10 

“ 4-945 


Aiaomt of AsgOs per iitre= 


4:9*45xm Vi 


“ 4' 945 
=10i?JX-g* 

H 


Vx ' 


Numerical — Find out the concentration in ^ams per litre of 
a given iodine solution, 12*5 ml. which were required for 10 ml. of 
an arsenious oxide solution (containing 0* 1978 g. of the oxide in 
100 ml. of the solution) in titration. 

The equivalent weight of AsaOa=49*45. 

/.The strength of As^Os solution 

_ 0*1978x10 N 
49*45 “25 

The strength of iodine solution JV/xXvoL 
=the strength of AsgOjXvoL 
jV7jcXl2*5=JV725xl0. 

J^XlO 


or 


Nlx^ 


25x12*5* 


=jvy3r25 


Since the equivalent weight of iodine is 127, the strength of 
the iodine solution is 127/31*25 g. or 4*064 g. per litre. 

No. 9 

Titration of iodine with sodium thiosulphate 


Sodium thiosulphate reacts with iodine giving sodium iodide 
and sodium tetrathionate : 

23Nra2S203 *4“ 1- 2 ^ 21SFaI 4" lS[a 2 S 40 g 

'2S203-+l2==S40e--f2I“-. ' 

Of these solutions, only iodine is coloured and so it is possible 
to some extent to ascertain the end point by the disappearance of 
the faint yellow colour of dilute aqueoixs solution (in fact, the 
solution in KI) of iodine. But the end point is rendered much more 
obvious and accurate by adding starch solution which gives an 
intense blue colour in presence of traces of iodine. In strong iodine 
solutions, the colour with starch is dirty brown. Hence the titration 
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should be carried out as far as possible without starch (till the 
yellow colour becomes faiut) ; the starch is added towards the eud 
when about 4 or 5 drops of sodium thiosulphate solution further 
added would complete the titration. 

Numerical — ‘Find out the concentration of a hypo, NagSgOg. 
SHgO, solution in grams per litre, 10 ml. of which just decolourised 
15 mL of JV72O iodine solution. 

Strength of hypo solution J^lxXvoh 

—strength of iodine solution XvoL 
jV*/A:Xi0=jVy20xl5 

The equivalent weight of hypo is 248*2. 
the concentration of hypo solution is 
248*2/13*33 g. per litre. 

= 18*61 g. per litre. 

UTEATION OF THE LIBERATED [IODINE 

An advantage may be taken of the hypo-iodine reaction in 
determining the strength of KgGrgO? or GUSO4 solutions iodo- 
metrically. Potassium dichromate solution in presence of dilute 
H2SO4 (and copper sulphate without HgSO^) liberates iodine 
from potassium iodide and this liberated iodine is titrated against 
a solution of thiosulphate : 

K2Gr207+7HgS04+6KI=3Ig+7H20+4KgS04+Gr2(S04)», 
2GUSO4 +4KI = Cuglg +r o + 2K2SO4. 

The equations may be written in ionic forms : 

Gr/3r + 14H-^+bI-=2Gr”^+++7H20 +3 
2Gu+++2I-=2Gu-^+Ig. 

The amount of iodine liberated from KI is proportional to 
the amount of KgGrgO? or GUSO4 present. The liberated iodine 
is titrated against hypo. 

No. 10: ■. ■■■ 


Deieminaimi of the strength of a KgGrgO? solution using KI md 
sodium thiosulphate — -The reaction for this has already been explained. 
The process consists of the following steps:— 

14 


\ 
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(i) Preparation of a solution of KgCrsO? of known strength (about 
jyy20)^Weigh out exactly about 49*03/(20x 10)=“-0*245i g. of a 
good sample of KgGrgO^, dissolve it in water and make the solution 
up to 100 ml in a measuring flask. Suppose you have weighed 
m g. of dichromate for 100 ml. of solution; the strength of the solu- 
tion is 

NAOm ^ Mm' 

Wm ■^4’9oy 

(u) Preparation of sodium thiosulphate The equivalent 

weight of sodium thiosulphate, NaoSgO,^, 51120, is 248’25 so that for 
preparing a litre of jV*/20 solution, we require 248*2/20—12*410 
g. of the salt. , 

Weigh out about 12*410 g. of sodium thiosulphate, dissolve 
it in water and make the solution to about a litre. This gives about 
W/iO sodium thiosulphate solutiom 

{iii) Preparation of potassium iodide solution — Prepare about iO 
per cent, solution of potassium iodide and take about 10 ml. of this 
solution for each titration, 

(iv) Preparation of starch solution— has already been 
described; 

(y) Standardising sodium thiosulphate solution with the prepared 
K2Cr20^ solution — Fill up your burette with sodium thiosulphate 
solution. Take 10 ml. of the prepared K2Gr207 solution in a clean 
beaker, and add to it about 10 mi. of dilute H3SO4 and about 10 
mi. of potassium iodide solution. Titrate at once the liberated 
iodine with hypo till a faint yellow colour of iodine is left. Now 
add about 10 drops of starch solution, and complete the titration. 
Repeat the titration till you get concordant values. 

Suppose ml. of sodium thiosulphate solution is required for 
10 ml, of K2Gr20^ solution. Let the strength of the hypo solution 
beW/^. , 

:.NjpcXVx ml.=Strength of the prepared KaCroO^xlO ml. 
Strength of the prepared KaGroO,— 

4,903 

10 

* 4-903 ^ "iT ' 

(w) Determining the strength of the given KgCrsO^ solution— 
Fill up the burette with sodium thiosulphate*" solution. Take 
10 ml. of the given, K^CrgO^ solution in a clean beaker; add to it 
about 10 ml. dilute H2SO4 and about 10 ml. of potassium iodide 
solution. Titrate the liberated iodine with hypo as above. Repeat 
till you get concordant Values, Suppose ml. of sodium thio- 
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sulphate solution are required for 10 ml. of the unknown 

K2Gr207 solution, the strength of which is jV/j'. 

■N'lyXlO— Strength, of hypo XVi 


If the arnount of KaGraO, per litre is to be calculated, subs- 
titute 49 '03 for jV, and get the amount of KjGrjOj per i litre 
= 10 mSaAh g- per litre. 

Mumericdl^lO ml. of a potassium diehromate solution liberated 
iodine from potassium iodide solution. When the iodine was 
titrated against hypo solution (W/25), the titre value was 16 ml. 
Find out the concentration of dichromate solution in grams per 
litre. 

10 ml. of W/a: KaGraO, solutionSlg liberated 
= 16 ml. ofW/25 hypo. 

10x./V/'a;=16xA725. 

W 16xjV_ M 
"^10x25 15-62‘ 

Since the equivalent weight of KaCraO, is 49-03, the strength 
of the solution is 49 -03/15-62 =3- 190”g. per litre. 

No 11 

Dckrminalion of the .itrengtk of a copper sulphate solution {approxi- 
mate strength .V/20) using potassium iodide and sodium thiosulphate — • 
popper sulphate liberates iodine from KI and this liberated iodine 
is titrated against a hypo solution: 

2GUSO4 +4KI == CU2I2 +2K2SO4+I2. 

2Na2S20s -f l 2 = 2 NaI -l-Na 2 S 40 « 

Or written ionically; 

2Gu-^+-|-2l-=2Gu++l2 

2SP2“+I2=S40«-+2I“ 

Two molecules of copper sulphate liberate two atoms of iodine 
Hence, the equivalent weight of copper sulphate, GuS04.5H2;O, 
is the same as its molecular weight, i.e., 249*71 . 
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■ Hence in order to prepare JV’/20 copper snlphate solution^ 
we reqmre 249* 71/20xl0g.of copper sulphate for 100 ,mL solution. 

(i) Preparation of a known standard copper sulphate solution 
{of approximate strength jV‘/20). — ‘Weigh out exactly about 1*248 g. 
of A. R. quality copper sulphate, dissolve it in water and make 
the solution up to 100 ml. in a measuring flask. 

Suppose you have weighed m g. of copper sulphate, the strength 
of the solution is JVx w/24.971. 

(ii) Preparation of sodium thiosulphate solution — 'This is done 
exactly in the same way as in the last case of K 2 Grg 07 titration. 

{iii) Preparation of potassium iodide solution — 'As before. 

{iv) Preparation of starch solution--^A.% before. 

(r) Standardising sodium thiosulphate solution — Fill up your 
burette with sodium thiosulphate solution. Take 10 ml. of copper 
sulphate solution in a clean flask and add to it about 10 ml. of potas- 
sium iodide solution. Titrate the liberated iodine with hypo 
till a light yellow colour of iodine is left. Now add about 10 drops 
of starch solution and complete the titration. Repeat till you 
get concordant values. Let ml. of hypo be required for 10 ml. 
of copper sulphate solution; and let the strength of hypo solution 
be JV*/x 

A jV/xX^i ml. = Strength of CUSO 4 prepared X 10 mi 


j yxm 

“”24-971 


XlO 




®JVxm 

~24-,971 




[vi) Determination of the strength of the given uriknown copper 
sulphate solution — ‘Fill up the burette with the given copper sulphate 
solution in a clean beaker; add to it about 10 ml, ofpotassium iodide 
solution and titrate the liberated iodine with hypo. Repeat till 
you get concordant values. 

Let ml. of sodium thiosulphate solution be Required for 10 
ml. of the unknown copper sulphate solution, the strength of which 
is Njy. 

Mjy x iO ml. = Strength of hypo x 0 ^ . 
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If the amount of copper sulphate per litre has to be calculated, 
put 249*71 for jV*, and get the amount of copper sulphate per litre 
=:lOmv^!vi g. 

Numerical — ‘How many grams of copper oxide would be 
obtained from 24 ml. of a copper sulphate ^solution^ the same 
volume of the solution of which liberates so much iodine Kvhich when 
titrated against JV725 hypo solution gives 15 ml. as the titre value? 

24 ml. of Mix copper sulphate solution 

= iodine liberated fromKI 
= 15 ml. of jV/25 hypo 


Since 1 moL of GuS 04 ^ 1 mol. of GuO and the molecular weight 
of copper sulphate is also its equivalent weight in iodometryj the 
molecular weight of GuO is the equivalent weight of GuO. 

the equivalent weight of GuO =79*57 

a litre of .¥/4D CUSO 4 solution would give 

79*57/40 g. of GuO. 

25 ml. of the copper sulphate solution would give 

79*57^ 25 ^ 

■""aa” ^ inmS* of CluO ^ 


0*0497 g. of GuO, 


OTHER APPLICATIONS OF lODOMETRY 


Estimations by iodine.— 

^(i) Estimation of Im hy wAW— A stannous chloride solution can 
be titrated with a standard solution of iodine, using starch as indi- 
cator. The stannous salt is oxidised to stannic. 

SEGia+2HGl+Is8=SnCl4+2HI 
or Sn+++Ig=Sn'^'^*H-+2I‘-. 
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The metallic tin can also be estimated in a sixni]*^r Tk 

metal is dissolved in hydrochlorir nrirl The 

Sn=SnGla=2r s2Na,S,G,.5HgO 
118‘7 189-62 253-84 466-4 

tn thi^l ?f antimony hy iodhie—TMs estimation is similar 

estimation. Take anhydrous tartar eS 

»dtSetSh'ioS7“'- “»■»■« in eS£ 

of tartrate is essential to prevent the precipitation 

Sb^O, +2Ia -f2HaO= Sb.Os-KHl. 

2Sb=2K (SbO) C4H40g=Sb203~4I 
2 X 121 - 76 2 x 324-93 291-52 4x 126-92 

hydrogen sulphide by iodine— The. hvdroo-en 

I? StlnhT^’ dilute, ca/ be cstimatS by iodle 

If the sulphide solutionis strong, dilute it with air free wate? To 

ofShie'''ATit'lf ?h ^ standard solhbn 

ff sS -i-l2= 2HI 4- S 
S=+I, =S+2I- 
H^S S2I 
34-08 253-8 

diovidp^ .fiktoflhoB of sulphur dioxide or sulphite by eWbc— Sulohtir 

fS: * “■“'■“"■“‘inn o*idis/d .o i.Uph™ic " 5 i 


or 


S02+l2+2H20=H2S04+2Hr 
SO 2 d-lg -|-2H20=2H-t- + S04“+2H-f- +2I-. 


of hypo, 
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Similarly, a weighed quaatity of a sulphite, to be estimated, 
j is added to a kaowu volume of an iodine solution, taken in excess 

and acidified with hydrochloric acid. The excess of iodine is 
titrated with the hypo solution. 

I S02=2I 

64-36 253-8. 

I Estimation by the use of potassium iodide. 

I (f) Estmation of chlorine--l^o the dilute solution of chlorine, 

add an excess of potassium iodide solution. Iodine is liberated 
: corresponding to the concentration of chlorine, and is titrated with 

hypo, using starch as indicator, 

2KI+Gl2=2KCl-i-l2 

■ ,■■■ Cl . = I 

35-46 126-92 

(U) Estimation of mailable chlorine f win hleaching powder — Weigh 
out a quantity of bleaching powder, and make a suspension with 
water and transfer it to 100 ml. flask. Take 20 ml. of the suspen- 
sion by a pipette and add it to an excess of potassium iodide 
I solution. Acidify with acetic acid, and titrate the iodine liberated 

- with a standard solution of hypo, using starch as indicator. 

35*46 g. of chlorine are equivalent to 126-92 g. of iodine, 

Miimerical 1 — ^Chilculate the purity of a sample of pyrolusite 
from the following data: 0*750 g. of the powdered jsample reacted 
with strong hydrocliloricacid, and liberated chlorine. This in turn 
liberated iodine from a solution of potassium iodide. The iodine 
solution was raised to 250 ml. volume, 25ml. of the iodine solution 
required 20 ml of A725 hypo solution for titration. 

y The strength of iodine solution jV/jrXvoL 

=thc strength ofhypoXvol, 

W/.rx25-^-A725x20 
,,, A\20 ./AT"::. 

j\/Ar=2.-X 25-3J .25 

I Chlorine liberated 

iodine in 250 ml. of jV73T25 solution 

126-9^ 250 

“■ 3r-‘25 ''' 1066 
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Since MnOjSgT, 

2x 126-9 g. of iodine=86-9 g. of MnOg 
126-9 .. 250 


X 


g. of iodine = S®;?^^A26-9 x250 


2 X 126 - 9 X 31 • 25 X 1000 


31-25'^1TO6 

MnO2=0.3475 g. ofMnOjj. 

0.750 g. of the sample contains 0-3475 g. of MnOj, 

/. 100 g. of the sample contains 100 (r 

U* loi) ■ ' ■ O* 

=46.33% of MnOa. 

Kumerical 2— Calculate the percentage of chlorine available 
fium a s^ple of bleaching powder from the following data : 1 - 25 s- 
ot the bleaching powder were suspended in water to 100 ml Of 
this sus^nsion, 25 ml. reacted with potassium iodide, and the 

12-5.nl. oljffa hypoilSonl; 

Mix strength of bleaching powder solution Xvol. 

S iodine liberated 
= strength of hypo solution Xvol. 

Mlxx25=MI25xl2-5 

M 

'50* 


Mix: 


'25 ^ 25 ■ 


Since MjdO of hypo=:JV750 of iodine=7V750 of chlorine and 

SnSTwLTn'?*? bleaching powder 

contains 35 46/50 g. of chlonne per litre or 3-546/50 e- ner inn 

ml. of the smpension. This much of chlorine is presentin ^ 25? 
of the sample. Hence 100 g. of the sample coSn 

3-546 .,100 

50 ^ p^g' Of chlorine=5-67%. 

Otate.! rth hypo .olutioS i' Sdi “ 

2KI+Bra=2KBr+l2 

oiy- W ' I 


79-92 


126-92 
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chloric acid, cliloriae is evolved equivalent to the “available” 
oxygen. The gas is passed into an excess of potassium iodide 
solution. The liberated iodine is then j^titrated with a standard 
solution of hypo. 


Mn02+4HCl=MnGlg+2H20+Cl2 
2ia+Gl2=2KGl+Ijs 
MnOa = 2G1= O = 21. 

86-9 70-91 16 253-8. 

(v) Esiimalion of chlorate, bromate and iodate— [a) A chlorate 
when distilled with concentrated hydrochloric acid yields chlorine, 
which when passed through a solution of potassium iodide will 
liberate iodine. This may be titrated with hypo solution. 

KGlOa-l-eHCl^KGl+SHgO+SGL. 


KGIO, 


6 Cl= 61 


122-56 83-46 212-76 761-52. 

{h) To a solution of bromate, add a considerable excess of 
solid potassium iodine, and add a large volume of concentrated 
hydrochloric acid. Wait for a few minutes and then titrate the 
liberated iodine with a solution of hypo. 

KBrOg 6 KI + 6 HGl= KBr+ 6 KGl -j-SH^O +31^. 

127-92 of BrOa radical correspond to 76T52 g. of iodine! 

(c) The reaction with an iodate is instantaneous. To a 
solution of an iodate, add potassium iodide in excess and acidify 
with HCl : iodine is liberated, which is titrated with h>po. 

KI O 3 + 5KI +6HG1= 6 KCH- 3HjO + SI^. 

174-92 g. of IO 3 radical correspond to 76T52 g. of iodine. 

(to) Estimation of hydrogen peroxide — -Adilute solution of hydrogen 
peroxide (not more than 5 g. per litre) is added to a solution con- 
taining dilute sulphuric acid and potassium iodide; iodine is set 
free, and is titrated with a solution of hypo. 

Hjj0a-i-2KI+H8S04=Ks(S04-}-2Hi50+l2. 

17 g. of hydrogen peroxide correspond to 126-92 g. of iodine. 





' S- 




218 


ANALYTIOAi CHEMISTRY 


SECTON IV 

precipitation 

AgN 03 +NaGI= 


=AgGl ,j, +NaN03. 


AgN03+KGNS=AgGNS H-KNO3. 

These equations may be written in ionic forms: 



- -O I 


Ag++GNS-^AgCNS .j, . 

estiiSvowSTy btpredpittS^^ ,??>■ •> 

r«4-4"lis7 -cat 

over tha^rS for KCNS 

alum {Volha^'s method). ^ ® ^ colour with ferric 

and “th oStolLtr'S’ SVt 

AsNO, aad KCNS wil, aU b, £h. tir'ScXtg^' 




No. 9 

Mohr titration 

solution, we require 58-45/(20x10 g S-2928^ ® ‘ 

Weigh out accurately about 0-M9^ . r « 

NaGl, dissolve it in water and met A. R. quality 

in a measuring flask Simne. solution up to 100 ml. 

the »tr»g* of .he .oIuZ'^u’£“JS/5«?“ ”■ ®' 

lent Liight of 'S«iva- 

g- of AgNO, Per litre -ind so jv/20 solution contains 8-495 

This M approinnately JV/20 ,AgNol soteta,"’’ •“‘•—••I—- 
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[Hi) Standardising AgJfO^ solution agaimt the prepared JsfaCl — 
Take AgNO^ solution in .the burette. Now take 10 ml. of the 
prepared NaGl solution in a clean beaker and add to it a few drops 
of neutral K2CrQ4,, solution. Run in AgNO^ solution from the 
bui'ette till a red colour appears. Repeat the process till you get 
concordant values. Let Vi ml. of AgNOg be required for 10 mL 
of NaGl solution, and let the strength of AgNO^ solution be JVjx. 

: MjxXVi ml. —-Strength of NaGl ■ prepared X 10 ml., 

' ^ V. . 

— = F oTF X ^ X^ -— . 

X 0*845 Pi ■ ■ 

(fz;) Determinmg the strength of the given unknown KaCl solution-— * 
Fill up the burette with the standardised AgNOg solution. Take 
10 ml. of the given unknown NaGl solution in a clean beaker, add 
to it a few drops of neutral K2Gr04 solution, and titrate against 
AgNOg solution as above. 

Let the strength of the unknown solution of NaGl be Njy^ 
PfjyXl^ ml.— strength of AgN03XZJ2 

^ jVXmX 10 
5*845xyi 


0*84O' ?;i, 10 


PfXm 

'' 5*845 ^ rj 


If the amount of XaCi per litre has to be calculated, pxit 
58*45 for and get the amount of NaGl in grams per litre. 


Strength of NaGl solution • 


10m. z ?2 


No* 12 , ' ■ 

Adsorption indicator metliod 

Determination of the strength of a given silver nitrate solution against 
a standard solution of potassium chloride^ using fluorescein {or dichloro^* 
fluorescein) as indicator* 

Pipette out 10 mL of the standard (A720) solution of potassium 
chloride into a beaker. Add 10 drops of fluorescein indicator; 
and titrate with the given silver nitrate solution (taken in burette) 
in diffused light, while rotating the beaker constantly.^ At the close 
of the end point, the silver chloride coagulates appreciably, and the 
local development of a pink coloiu* upon the addition of a drop of 
the silver nitrate becomes more and more pronounced. Continue the 
addition of the silver nitrate solution.untiltlic precipitate suddenly 
assumes a pronounced pink or red colour. ' 
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The calculations are as in 9 (u) [For the reverse titration 
t.e., the chloride taken in burette and silver initratc in beaker* 
tartrazine (4 drops of a O' 2 per cent solution per 100 ml.) is a suit- 
able indicator. Near the end point, the almost colourless liquid 
assumes a blue colour.l 


Indicators— ‘{i) Fluorescein — Dissolve O' 1 
ml. of 70 per cent, alcohol (or dissolve 0. 1 s 
in 100 ml. of water). 


g. of fluorescein in 100 
:■ sodium fluoresccinate 


1 on ^ DiMoroJliioresceui — 'Dissolve 0.1 g. of this indicator in 
100 ml. of 60-70 per cent alcohol (or dissolve O.I g. of this Na-salt in 
100 ml. of water). 


No. 13 

Volhard titration 

mnu of a given silver nitrate {of adbroxi- 

imk ^strength j\ 720 )— This process consists of the following %cTa- 

solution of unknown strengthinv^. 
jV/20).^/20 solution of AgNOa contains 8' 495 g. of AgNO 
litre. Hmcem order to prepare 100 ml. of the solution^eieh 

tU ^ ^ c ‘ ^’^PP^se you have weighed m g. of silver 
nitrate, the strength of the solution is JVx 10OT/I69'9==jVXOT/16*99.’ 

weii?ofS1;T/4f cquivatot 

ot is.tjiNO per litre. Hence weigh out about 4'86 e of KGNS 
dissolve It in water and make it ifp to about a Ihrc! ^ ^ 

(tn) Preparation of indicator-— This is prepared by boiline- a 

sohiftn!!^ A’C'jVS' solution against the prepared AgW, 

ml S solu^tion in a clean beaker; add about 0'5 

Slom t StST ^ blood red 

Su« T°t ftu k‘ you get concordant 

vafes. Let this be t- ml. and let the strength of KGNS solution be 


II|xXv^ ml.=Strength of AgNO» prepared x 10 ml. 
Jfjx=- 


H 10 


MU «£r„»rs£E<,-ts 



Since the equivalent weight of KCNS is 97’ 17, the 
of the solution is 97*17/20 g. or 4’858 g* per litre* 


strength 
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10 mL of the given unknown AgN 03 solution in a clean beaker; 
add to it about 2 mi. of the indicator solution and titrate as above. 
Repeat till you get concordant values. Let this be mi. and let 
the strength of the unknown silver nitrate solution be Nfy 


JsfjyX 10 ml. 

m- 


Strength of KCNS X . 


16-99 ^ vC 


If the amount of AgN 03 per litre has to be calculated, put 
169*9 for N and get the amount of AgNO^ per litre in the given 
..solution. 

The strength of the given silver nitrate solution is 


!69*9Xm^^ 
16*99 ^ 


lOw.— g. per litre. ' 


Vi 


Numerical~l. Find out the strength in grams per litre of a 
potassium chloride solution which for its 10 ml. required U 5 ml. of 
jV725 silver nitrate solution for titration. 

Strength of.KGl solution, JV/^^Kvol. 

—Strength of AgNO^XYol. 

Mjx xIO = jV725xl5. 

X 


Since the equivalent weight of KCl is 74’465 the strength of 
KGl solution is 

74*46/16*66 g.=4*4676 g. per litre. 

2. Find out the strength of a potassium thiocyanate solution 
in grams per litre, 20 mL of which require 24 ml. of JV724 silver 

nitrate solution. 

Strength of KCNS, Mix x voL 

5= Strength of AgNO^ x vol 


M 


X2Q=~X24 


24 

;Vx24. 
" 24x26" 
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::No. 14 ■-/ 

Adsorption titrations of bromides and iodides 

Determination of the strength of silver nitrate solution against a standard 
solution of potassium bromide using eosin as indicator. 

Weigh out accurately the requisite quantity of potassium 
bromide so as to give 100 ml. of a standard solution, and 

dissolve it in water and raise to 100 mi, volume in the measuring 
flask. Pipette out 10 ml. of this solution in a beaker (or a small ** 
comcal flask) and add 30 ml. of water and a few.ml. of 6 jVacctic acid 
and 10 drops of eosin indicator. Titrate it against the given solu- 
tion of silver nitrate with constant agitation in a diffuse light. The 
silver bromide flocculates a little before the end point, 'and the local 
development of the red colour becomes more and more pronounced 
upon the addition of silver nitrate solution. Continue adding 
drops frona the burette with vigorous swirling of the liquid, until 
the precipitate suddenly assumes a (pronounced magenta colour. 

1 ml. of jVAgN03=0-07992 g. of BrsO'1190 g. of KBr. 

Eosin M&ator— Dissolve 0-1 g. of eosin in 100 ml. of 70 per 
cent alcohol (or 0 • 1 g. of its Na-salt in 1 00 ml. of water) . 

For iodi^ estirnations—HhQ indicator used is di-iodo ;di-methvl- 
fluorescem (1 g, in 100 ml. of 70 per cent. alcohoL), 

Near the end point, flocculation of silver iodide occurs and 
the colour change is from orange-red to blue-red. 


Numerical Qjaestions 
A 



,„1nW ? ^ Mohr's salt (ferro^ 

sulphate), when estimated yielded 0-3 g. of Fe,0, ■ 

wonfrfh purity of the sample. How many ml. of 
would be required to oxidise O’ 15 g. of the above sa 

(Ans. 73-65%; 2-82 ml.) 

2. A copper sulphate solution yielded 0-25 
oxide when estimated gravimetrically. How mai 
iodine will it liberate from potassium iodide solution? 

Rgamst A 720 KaCraO^ solution. The titre value 
Calculate^ the strength of ferrous sulphate FeSO 71 
per litre in the solution (Ans. 1 T 12 g.) * 

f How many grams of FcaOj will be obtained if 

above solution are taken for estimation? (Ans. 0-195' 
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4. A solution of pure copper sulphate, CuSO^iSHgO, taken 
25 ml. was estimated for SO^. It gave 0*2580 g. of BaSO^ 
precipitate. Find out the strength of the solution in terms of 
grams CuO per litre and in terms of grams CUSO4.5H2O per litre. 
{Alls. 3*52 g.; 11*04 g.). 

5. How many grams of caustic soda would be necessary to 
precipitate copper completely as oxide from 50 ml. of a copper 
sulphate solution, the strength of which is jV75 with respect to 
iodine, when estimated iodometrically? 0* 8 g.) 

6. A solution of silver nitrate, taken 25 ml. yields 0*2867 g. 
AgCL Calculate its strength in normality, and in grams of silver 
nitrate per litre. (Afis. jV*/ 12*49; 13*6 g.). 

7. How many ml. of jV‘/20 KGl would be necessary to preci- 
pitate silver completely from 25 ml. of silver nitrate solution of 
A715 strength ? (Ans, 33*33 ml.). 

8. A solution of silver nitrate, taken 20 ml. gave 0*43 g. of 
silver chloride. How many ml. of jV‘/24 KGNS would be necessary 
for titrating 5 mi. of the above AgNOg solution? (Ans. 18*75 ml.) 

9. How many grams of BaS04 precipitate will be obtained 
from 25 ml. of J\fl20 fen-ous ammonium sulphate ? {Ans. 0 * 5834 g.) 

10. A solution, 25 ml. in volume, is a mixture of hydrochloric 
and sulphuric acids. When estimated . gravimetrically, it gave 
0‘1433 g. of silver chloride, and 0*2334 g. of barium sulphate. 
Find out the strength of the acids separately in the mixture. What 
will be the total strength of the acidity in terms of normality 
{Ans. JV725 HGl; W/12*5 H2SO4; total acidity W/8*33). 

11. 5 g. of potassium sulphate were dissolved in 250 ml. 
of volume. How many ml. of the solution be taken as to yield 
1*2 g. of barium sulphate precipitate? {Ans. 44*78 ml.), 

12. 25 ml. of a solution of copper sulphate, when added to a 
potassium iodide solution, yielded iodine which required 50 ml. of 
W/IO hypo solution. Find out the amount of copper sulphate, 
GUSO4. SHoO, dissolved per litre. {Ans. 49*942 g.). 

How much barium sulphate would be obtained from 50 ml. 
of tlie above copper sulphate solution, if precipitated with barium 
chloride ? {Ans. 2*3342 g.), 

13. 20 ml. of a solution of ZnS04. 7H2O, containing 
28.75 g. of the salt per 100 ml., were estimated gTavimetrically, 
both for zinc and sulphate ions. How much ZnO and BaS04 
would be obtained? {Ans. ZnO i'6276 g.; BaS04. 4*6684 g,). 

14. How many grams of metallic zinc would you dissolve per 
litre in sulphuric acid as to yield a solution, 25 ml. of which may 
give 0*4095 g. of zinc oxide precipitate ? (Ans. 13,076 g.). 
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t- potash alum, K^SO^. AUrSO.)-- 
24 H 2 O, be taken as to yield 0.2038 g. of AljOj ? (A/is. 1 .8975 g.), 

Ai ^ of alum has 80% purity; how many grams of 

•^gOs^wo^ be obtained from its 2 grams of anhydrous mass? 

17. 5 grams of aluminium were dissolved to 200 ml. solution 
Fmd out the amount of AlgOg obtained from 25 ml. of its solution 
[Ans, ri8 g.), 

in calcium oxide, GaO, be dissolved per 

litre in HGlas to yield per 20 ml. of solution 0 . 3202 g. of dry calcium 
oxalate ? How much will calcium carbonate be obtained from this 
^5^^g) oxalate on careful ignition. (Ans. 7 -01, 

19. Galculate the amoimt of (i) MgO and (ii) Mo-oPoO 

corresponding to 20 ml. of solution, containing 12- 16 g. of :^<4e! 
Slum metal per litre. (Ans. (i) 0-4032 g; («) M134 g.). “ 

20. Galculate the purity of a magnesium sulphate, MgSO,. 

(?^88-5yf^’ ^ 


B 

21, _ A solution contains 5-3. g. of sodium carbonate and 8 s 
of caustic soda per litre. The mixture, of which 20 ml. have been 
^en, IS titrated wth JV/IO hydrochloric acid. What will be the 
titre reaings if ( 1 ) methyl orange be taken as indicator from the 
very begiimmg; (ii) and if phenolphthalein be taken as an indicator 
from the beginning. (Ans. (i) 60 ml, (ii) 50 ml). 

j- ^ solution containing sodium carbonate and 

sodium hydroxide were neutralised by 43’ 2 ml of jV HGl fmethvl 

GaGo’ PI Jhe carbonate was precipitated Is 

GaGOa by GaGl^ and filtered off. The sodium hydroxide, after 
carbonate, was found to be neutralised by 20-8 
ml, of JVHGl (usmg phenolphthalein). Find out the concLtra- 
tion in gr^ per litre of caustic soda and sodium carbSe fn 
solution. (Ans. NaOH 16.64 g.; Na^GO^ 33 74 ^ “ 

23. A solution contained a mixture of sodium carbonate and 

fbwd fo S Ha ’’“"I 

ou ml Of HGl. Fmd out the concentration of carbonate Na GO 

perlitre.(A«r.63-6 g.Na^GO*; 
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24. A mixture contained in a litre 20 g. of caustic soda, 20 o-, 
of sodium bicarbonate and 20 g. of sodium carbonate. Wliat will 
be the titre values if (f) first titrated with phenolphthalein; (ii) 
methyl orange added after the first end point, and (in) if methyl 
orange used from the very beginning;— the acid used for titration is 
JVHGl, and 50 ml. of the mixture titrated each time. (Arts, (i) 
34'4 ml. (ii) 21'3 ml., (iii) 55‘7 ml.). 


25. M47 g. of pure iron were dissolved in acid and raised 
up to 250 ml. 25 ml. of this ferrous solution, when titrated with a 
KaCrgO, solution, required 21.1 ml. Find out the strength of 
KaCraO, solution in grams per litre. (Arts. 4-647 g.). 

26. Calcium from a solution was precipitated as calcium 
oxalate, and the oxalate was filtered, washed and redissolved in 
acid, and raised to 250 ml.; 25 ml. of this solution, when titrated 
with JV/20 KMnOi, required 30 ml. for oxidation. Find out the 
total weight of calcium in the solution. (A/is. 0-3006 g.). 

5Ga=5H2G2O4=2KMnO4=5O=10H. 

27. What is the weight in grams of available oxygen per 
litre from a solution of hydrogen peroxide, 10 ml. of which -w'hen 
titrated with JV/10 KMnOi solution, required 25 ml. for the reaction. 

2KMn04+5H20,4-4H2S04=502+ 8 H 2 O+ 2 KHSO 4 +MnS 04 

(Ans. 2g.). 

28. What is the concentration of a solution of sodium nitrite, 
NaNOo, in grams per litre, 10 ml. of which when titrated -with 
jV/20 KMn04, in presence of dilute sulphuric acid at 40’, required 
30 ml. for oxidation. The reaction is: 

2KMn04+5HN02+3H2S04=:K2S04+2MnS04+5HN0s4- 


29. How will you estimate the percentage of oxalate radical 
G2O4", in a given sample of the salt? How much percent oxalate 
is in a pure sample of oxalic acid, H2G2O4. 2H2O? (Af!S. 69-84 
per cent) . 

0.5 gram of an oxalate was dissolved and the’solution raised to 
40 ml. and 10 ml. of the solution titrated with JV/20 Kjvln04. The 
titration required 15 ml. of KMn04. Find out the percentage of 
oxalate in the sample (/Inx. 66 per cent). 

30. A ferrous sulphate sample had 80 per cent purity 0-2 
grams of the salt, FeSO*. 7H3O, were dissolved and raised to 100 
ml. How many ml. of JV/20 KMn04 would be necessary to titrate 
10 ml. of the ferrous solution? (Ans. ITS ml. ). 
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D 

<■ purity of hypo sample, NaaSjOg.SHaO, 

ot waich 30 g. were dissolved, in a litre; 20 ml. of the solution when 

■ ■.'titrated, .with JSf I2Q iodine solution ., .required ■ 1 5. ■ inL. . . (Ans,' 62*05 ' 
per cent). ^ 

1 n ®auy grams of iodine he taken per litre, so that 

, . ® f iution may require 1 5 ml. of iV'/ ! 0 As.,0,. in titration ? 

9*519 g.). 

ri- ^ solution of KMnO^, added to KI solution 

hberated iodine, corresponding to 8-6 ml. of .-\720 hvpo solution’ 
strength of KMnO, solution in grams per litre.' 

34. How many grams of iodine will be liberated from KI 
rotoion by a copper sulphate solution which gives O' 4 vram of 
CuO on precipitation with alkali ? (d/ir. 0-638 g.). 

• j- a solution of potassium dichromate liberated 

iodine froin KI which required 12 ml. of jV/20 hypo solution for 

l“(3«^. 2 94irg ) ® oiK,Cr,0, solution in grams per 

36._ How many grams of ferric oxide, Fe.,©,, would 
be obtained from 50 ml. of a solution of ferric chloride of which 
10 inl. when titrated lodometrically require 8 mi. of JVI20 hvoo 
solutioUj the reaction is : / . f 

2FeGl3+2KI=2FeCl2+2KCl+Ii,. 

*(.4ar. 0.1597 g.). 

1 a bleaching powder sample were dissolved 

to 2o0 ml. solution. 25 ml. of the solution were added to KI solution 
taken m excess and acidided with acetic acid. The iodine liberated 
was titrated with jV/2 hypo solution. If the available chlorine is 
30 per cent., find out in ml. the hypo solution required. 

CaOGl2=Gl2=2L 

(dfw. 17-03 ml.). 

38. A sample of pyrolusite weighed 2 grams. The samnle 

Seated with stroV 

HGI, and the chlorine liberated was passed through a KI solutiorf 
The iodine solution was diluted to 200 ml. How many n^l of 

Se loTuIon ‘bis^ diluted 

MnOjs 4-4HG1:^ MnGl2+ GI24-2H2O. 
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39. How would you prepare aiid standardise an jV/lO solution 

of silver nitrate ? 

0 -22 g. of a mixture of NaGl and KGl were titrated with 
0-922 JV/10 solution of AgNOj, and required 33 ml. for complete 
reaction. What are the percentages of NaGl and KGl in the 
mixture? 

(Ans. NaGl 39-6 per cent, KGl 60-4 per cent,). 

40. 1 ■ 13_7 g. of pure iron were dissolved in an acid and raised 
to 250 ml.; 25 ml. of this ferrous solution when titrated with a 
K^CrgO, solution, required 21.1 ml. of the dichromate solu- 
tion. Find out the strength of the dichromate solution in grams 
per litre. (Agra, [/m'v., B.Sc., 1945). (Ans. 4-73 g.). 

41. 0-261 g. of a sample of pyrolusite was heated with an 

excess of HGl and the chlorine evolved was passed into a solution 
of KI. The liberated iodine required 90 ml. of W/30 hypo. Gal- 
culate the percentage of pure MnOa present in the ore. (Asra 
Una., B.Sc., 1942). (Ans. 50%). ^ 

42. How many grams ofiodine will be liberated from a strong 
solution of KT when 100 ml. of copper sulphate solution containing 
24-96 g. of the crystolline salt (GuSOi.SHaO) per litre are added 
to it? Give full equations of the reaction. (Agra Univ., B.Sc., 1944). 
Ans. T2692 g.). 

43. Calculate in grams per litre the amount of ferrous and 
ferric iron present in a solution containing both from- the following 
data: 

25 ml. of the iron solution required for titration 24 ml. of the 
standard KMn 04 solution. 100 ml. of the same solution were 
reduced completely with zinc and sulphuric acid, and the reduced 
s >lution was diluted to 2.50 mi. ; 50 ml. of this dilute solution required 
36-75 ml. of the same KMnOt solution. 

The solution of KMnOj was titrated against JV/lO oxalic acid 
and it was found that 25 mi. of W/10 oxalic acid were equivalent 
t> 37-5 ml. of KMnO^. (B. H. U,, B. Sc., 1936). (Ans. Ferrous 
3'57 g., ferric 3-266 g.). 

44. How is a decinormal solution of “hypo” prepared? 

100 ml. of a solution of NaCI and copper sulphate gave 1-434 
g. of AgGHn a quantitative experiment. Another 100 ml. of the 
same solution on the addition of an excess of Kl consumed 100 ml. 
of JV/lO hype. Find the amounts of NaGl and crystallised copper 
sulphate GuSO*. SH^O, in grams par litre. (AM. Una., B.Se., 
1357). (Ans. NaGl 5-845 g.; copper sulphate 24*97 g.). 
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■ 45. One gram of, pyrolusite is treated with an excess of con- 
centrated HCl and the ' chlorine evolved is passed through KI 
solution in bulbs. This solution together with the liberated iodincj 
is diluted to 250' ml. and'on titration with ^/50 NagSgO^ solution^ 
25 ml of the former are found equivalent to 31 mi. of the latter. 
Calculate the percentage of MnU^ in the mineral. {A lid. Univ.y 
B, Sc., 1935). (Ans. 26’24 per cent). 

46. 0.2 g.ofa sample of pyroIusitCj when warmed with excess 

of hydrochloric acid, and the evolved chlorine passed into excess 
of potassium iodide solution, required for the liberated iodine 
30 ml. of jV’/ 10 thiosulphate solution. What is the percentage of pure 
manganese dioxide ? Univ., B.Sc., 1932. {Ans. 30-10 per 

cent)* 

47. Indicate the use of sodium thiosulphate in analytical 
chemistry, 

0*2915 g. of a manganese ore was heated with hydrochloric 
acid and the chlorine evolved was passed into a solution of potassium 
iodide. The liberated iodine required 20.5 ml. of O'lJV* sodium 
thiosulphate solution: Calculate the percentage of manganese 
dioxide in the ore. {Agra Univ.^ B. Sc., 1935), 13*3 per 

cent.) 

48. Explain fully, with equations, tho reactions underlying 
the analytical process in the titration of iron with permanganate 
and dichromate. {Alld. Unw., B. Sc., 1945). 

49. A quantity of KMn 04 was boiled with hydrochloric 
acid and the gas evolved was led into a solution of KI. When the 
reaction was complete, the iodine liberated was titrated with a 
solution of sodium thiosulphate containing 124 g. of Nag Sg Og. 
SHgO per litre, it was found that exactly 60 ml were required 
to decolourise the solutions of iodine. What weight of KMnO^ 
was used?. {Agra Univ. B.Sc., 1947). {Ans. 0.9486 g,). 

50. 0*6 of a sample of pyroiusite was boiled with 210 mi. 
of decinormal oxalic acid and excess of dilute sulphuric acid. The 
liquid was then filtered and the residue washed. The filtrate and 
washings were then mixed and made up to 500 ml. in a measuring 
flask. 100 ml. of this solution required 50 ml, of W/30 KMnC^ 
solution. Calculate the percentage of MnOg in the given sample, 
(Agra Univ., B. Sc., 1946; AUd. Univ., B. Sc., II, 1957), 

84*58%). 

51. -1*137 g. of pure iron were dissolved in an acid and raise d 

to 250 ml; 25 mi. of this ferrous solution when titrated withK 2 Cro 07 
solution required 2 IT ml, of the di.hromat- solution. Find out 
tlie strength of the dichromate solution in grams per litre. (Ar^ra 
Univ., B.Sc., 1945)., : {Ans. 9*46 g.). ^ ^ 
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52. Calculate the number of ml. of potassium dichromate 
solution containing 4*9 g. per litre of the salt required to oxidise 
0*5 g. of iron dissolved in dilute sulphuric acid. In an actual 
experiment, 88*5 ml. were required. How do you account for the 
difference? (Agra Univ., B, Sc, 1948). {Ajis, 89.3 ml.) 


53. 0'2B28 g. of iron wire was dissolved in excess of dilute 

sulphuidc acid and the solution made up to 100 ml.; 20 ml. of this 
solution required 30 ml. of./¥/30 potassium dichromate solution for 
exact oxidation. Calculate the percentage purity of the wire. 
{Agra Univ,^ B Sc,^ 1949). (Ans, 99%). 


54. 0.5 g. of a sample of a bleaching powder was suspended in 

water and excess of KI added. On acidifying with dilute sulphuric 
acid, iodine was liberated which required 50 ml. of JV/IO 
NagS^Og, solution. Calculate the percentage of available 

chlorine in the bleaching powder. Give equations. (Agra Univ,^ B. 
Sc,, 1950). (Ans. 35*50%). 


55. How can a standard solution of copper sulphate be pre- 
pared? How would you proceed to determine the percentage 
purity of a given copper sulphate sample (a) gravimetrically, and 
(b) voiumctrically. (Alld, Univ,, B, Sc. II, 1957). 
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Melting Point Heterminatioit — ^This^ may be done in a 
beaker or Kjeldalil flask* A small beaker of 50 mL capacity would 
!:« sufficient* In it take some strong sulphuric acid or glycerol* 
A very small quantity of the substance -is taken in a capillary tubc> 


O,RGANI0 SUBSTANCES': 


Fe(OH)*2 6NaGN==:Na4Fe(GN)g+2NaOH 


chloric acid, and; on the ^subsequent, oxidation in air, one gets ferric 
chloride also. FeiTic ions , with ■ ferrocyanffi^ give the ' Prussian 
blue colour : 


3Na4Fe(GN}e+4FeGls-Fe4[Fe(CN)el3+12NaCL 


Detection of Halogens — -Halogens are also tested in tlie 
above fusion of the compound with sodium. If the organic c m« 
pound contains halogens, sodium halide would be formed. The 
solution is acidified with nitric acid, and tested with silver nitrate, 
as in the inorganic analysis. If nitrogen is also present in the com- 
pound, the cyanide is formed on fusion which would interfere 
with the halide test. In such cases, hydrocyanic acid is expelled 
by boiling witli strong nitric acid. 


Another metliod for detection is to heat a copper wire in the 
Bunsen flame till it is black and ceases to give a blue flame* Now 
the hot end of the wire is dipped in the substance to be tested and 
again introduccxl in the flame. A green or blue coloration would 
indicate the presence of halogen. 


Detcciioa of Sulplatir — Fuse the substance with .sodium as 
above, and filter. I'^akc a few drops of the solution on a watch 
glass, and add a drop of fresh sodium nitroprusside solution. A 
brilliant violet coloration would indicate the presence of sulphur. 


If nitrogen and sulphur are both present, sodium thiocyante 
would be produced in the fusion reaction. Acidify the solution 
with hydrochloric acid and add ferric chloride. A blood-red color- 
ation would iiidicate the simultaneous presence of sulphur and 
nitrogin. 


SECTION II 


DETEEMINATfON OF BOILING AND MELUMG 

POINTS 


Another method of detecting sulphur is to fuse the substance 
with sodium car!)anate-potassium nitrate mixture (or with sodium 
peroxide). Sulphur is oxidised to sulphate; the solution is acidi-* 
fled with hydrociiioric acid and tested with barium chloride* 


If phosphorus is also present, the fusion with sodium peroxide 
forms phosphate which can be tesed with nitric acid and ammonium 
molybdate. The fusion is best done in, a nickel crucible. 
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Fractional Distillation— When the hr! r 
liquids are fairly apart, they mav h-Zn . it 5 of two 

apparatus similar to onc^desCTibe?£^^‘^'^f ^ An 

determination is set up. Th? 1 oufd foiling point 
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glass discs* vSome times the distillation flask itself is provided 
with fractionating bulbs in the neck. 


The principle of fractionating columns-, 
may be thus realised : The vapour given 
ofl" from the mixture - consists- of a larger 
pz'oportion of the more volatile constituent 
than that in the liqukL While passing 
through tlic fractionation column, the 
liquid"" with higher boiling point is partially 
condensed, and runs back in the distillation 
flask, and the one with^ lower boiling 
point distils over. The distillate received 
consists of the more volatile portion only. 

The liquid in the flask becomes richer in 
the one with a higher boiling point. By 
this process, it is possible to affect a 
separation when the boiling paints of the 
two liquids differ by a few degrees only, 
whereas without a fractionating column, 
a difference of at least 20-30° is .necessary. 

Steam Distillation— This is' one of 
the common methods of isolation and 
purification of organic substances,, both 
solid and liquid. The substance and a 
little water are placed in a flask which 
IS connected with a condenser and heated on a gauze or sand bath. 
The flask is also connected through a tube with steam generator 
(which may be a simple copper flask filled with water, and fitted 
with a delivery and a safety vertical long glass tube). The steam 


12 




13 


from the generator bubbles through the mixture in the flask, and 
carries along with it the volatile constituent of the mixture ( fig, 10), 
As it passes through the condenser, it gets cooled, and condenses 
along with it the volatile constituent. Very often the compound 
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Camphor may also be similarly sublimed. 

/»/«/>♦» A.: . 



Benzene, chloroform ^ . aqueous solution, 

taction.- ■>a«c liquids ute, to used foo 


.'ex-. 


:':'P^iQN III' : 

Q?«iMtative Organic Analysis A r. 

The organic onalJr f ^ General Procedure, 
of the folloKg analysis consists of the iidenff? • 

solution :- . compounds given in ac(ueon, ,^®f‘'® 

S “ ^Weous or alcoholic 
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Oxalic acid, tartaric acid, succinic acid, citric acid, Iwazoic 
acid, salicylic acid, phenol or carbolic acid, acetic acid, f( untie 
acid, phthalic acid, pyrogallol, resorcinol, formsddehyde, acetahlc- 
hyde, chloroform, glucose, canesugar, chloral hydrate, acetone, 
methyl alcohol, ethyl alcohol, acetamide, Itenzamide, acetanilide, 
benzene, naphthalene, ether, glycerine, starch, urea, anilitie, nitro- 
benzene, bcnzaldehyde, and iodoform. 

The following important points should be rcmcnibeied regard- 
ing these compotmds : 

(1) The acids may be given as such in which case the solution 
will be acidic or they may be given as sodium, potassitim or ainnto 
nium salts, in which case the solution may be neutral. 

(2) The following substances are not mtich .soluble in water 
and are, therefore, given in alcoholic solutions, lit such cases you will 
be asked to neglect alcohol : — 

(i) Solids given in alcoholic solution — Benzoic acid, salicylic acid, 
phthalic acid, naphthalene, iodoform, benzamide and actrlaiiilirle. 

(ii) Liquids given in alcoholic solution — ■Ether, benzem', phenol, 
chloroform, nitrobenzene, aniline and benzaklcliyde. 

But if benzoic, salicylic and phthalic acids arc given in the 
form of sodium salts, they are given in water. Also if aniline is 
given as hydrochloride or sulphate, it is given iu aqueous solution. 
This solution is strongly acidic and is, therefore, confusefi for .some 
acid. 

Preparation of neutral solution— If tile .solutirm supplied 
is acidic, it should be made neutral by otic of the folkm ing pr«> 
ceses:— 

(a) Take the solution in a beaker and iuit a piece of liuniu 
paper into it. Now add sodium carbonate solution to it gi-aflually, 
shaking all the time with a glass rod till it hecomc.s slightly alkaline 
as indicated by the colour of the litmus paper turning blue. Then 
add a little dilute nitric acid so that the solution just becomes 
acidic (the litmus paper turns red). Add a small amoujif of ammo- 
nium hydroxide so that the solution becomes just alkaline (the 
litmus paper again turns blue). Now boil the solution till the 
excess of ammonia is completely driv'en off and there is no smell 
of ammonia in the solution. The solution is now neutral, 

(b) Take the acidic .solution in a beaker and add a few drops 
of phenolphthalein solution to it. Now a<kl to it gradually drop 
by drop a dilute solution of caustic soda, shaking all the time, till 
the faint light pink colour just appears as in titrations. 

Care should be taken tliat the alkali is not in excess otherwise 
there would be a lot of confusion in, the analysis. In the first 
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31. Find out the purity of hypo sample, Na„S,Oa.5H O 
of which 30 g. were dissolved in a litre ; 20 mi. of the solution wLn 
titrated with jV/20 iodine solution required 15 ml. Mns. 62'05 
per cent). „ ' ' 

How many grams of iodine be taken per litre, so that 

10 ml, of the solution may require 15 ml. of MlO As..O^ in titration ? 
(^jw. 9-519 g.). / . amuudiion.- 

^ solution of KMn 04 , added to Kl .solution 
liberated iodine, corresponding to 8-6 ml. of .;V72{) hypo solution’ 
Find out the strength of KMn0.i solution in' grams per litre.' 
1*359 §.)• 

34. How many grams of iodine will be liberated from KT 
solution by a copper sulphate solution which gives O' 4 trram of 
CuO on precipitation with alkali ? (Ans. 0'638 g.). 

• potassium dichromate liberated 

iodine from kl, which required 12 ml. of A’'/20 hypo solution for 

Srs*' “i"'™ “ per 

36. How many grams of ferric oxide, FcpOj, would 
be obtained from 50 ml, of a solution of ferric chloride of which 
10 nil. when titrated lodometricaliy require 8 ml. of A720 hvoo 
solution, the reaction is : ^ 

(Ans. 0.1597 g.). 

1 grams of a bleaching powder sample were dksolvcd 
to 250 mi. solution. 20 ml. of the solution were added to Kl solution 
taken in excess and acidihed with acetic acid. The iodine liber i trrl 
was titrated with JV/2 hypo solution. If the available chtoSne k 
30 per cent., 6nd out in ml. the hypo solution required. 

CaOCl2=Gl2=2I. 7 ^ 

(Ans. 17-03 ml.). 

38. A sample of pyrolusite weighed 2 grams TIip «-,mr^u 

horlci with 

HCI, and the chlorine liberated was passed through a Kl solution 
The iodine solution was diluted to 200 ml. How many ml of 

Se JolitiT diluted 


Mn02+4HG1== MnGlj 
Mn02sGL=2I. 


-2H„0. 


(Ans. 22*7 ml.) 
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^ 39. How would you prepare and standardise an JfliQ solution 
of silver nitrate? 


0*22 g. of a mixture of NaCi^and ^KO'l' were . titrated with 
0*922 jV/lO solution of AgNOg, and required 33 ml. for complete 
reaction. What', are of NaGiand KGl in the 

mixture? 



{Ans. NaGl '39*6 per ' cent, KCl ,60*4 'per cent). 

40. r 1 37 g. of pure iron were dissolved in an acid and raised 
to 250 ml.; 25 ml. of this ferrous solution when titrated with a 
K 2 Gr 207 solution, required 21.1 ml. of the dichromate solu- 
tion. Find out the strength of the dichromate solution in grams 
per litre. (Agra, Univ,^ B,Sc,^ 1945). (Ans, 4*73 g.). 

41. 0*261 g. of a sample of pyrolusite was heated with an 
excess of HGi and the chlorine evolved,, was . passed into a solution 
of KI. The liberated iodine required 90 ml. of A*/3() hypo. Gal- 
cuiate the percentage of pure MnOa, present ■ in the ore. (Agm 
Univ,, B,Sc,, 1942). (Am, 50%), 

42. How many grams of iodine will be liberated from a strong 
solution of KI when iOO mi. of copper sulphate solution containing 
24*96 g. of the crystalline salt (GUSO 4 . 5 H 2 O) per litre arc added 
to it? Give fulicquations of the reaction. (AgraUnw,, BSc,, 1944). 
Am, 1*2692 g.). 

43. Calculate in grams per litre the amount of ferrous and 
ferric iron present in a solution containing both from the following 
data: ■ 

25 the iron solution required -for titration 24 ml of tlie 

standard KMn 04 solution. 100 ml of ^the same solution were 
reduced completely with zinc ami sulphuric acid, and the reduced 
s >lution was diluted to 250 ml. ; 50 ml. of this dilute solution required 
36*75 ml. of the same KMnC^ solution. 

The solution of KMuO,! was titrated against W/ll) oxalic acid 
and it was found that 25 ml. of .WiCJ- oxalic acid were eciuivaicnt 
t> 37*5 ml of KMn 04 . (B, H, £/., B, 1936). (Am, Ferrous 
3*57 g., ferric 3*266 g.), 

41. How is a dccinormai solution of prepared ? 

100 mi. of a solution of NaG! and copper sulphate gave 1*434 
g. of AgGl in a quantitative experiment* Another 100 ml of the 
same solution on the addition of an excess of KI consumed 100 ml 
of JV/iO hy|». Find the amounts of NaG! and crysmlliscd copper 
sulphate GUSO 4 . SH^O, in grams per litre. {AM, Unw,, 

1157). NaCI 5*845 g.; copper sulphate 24*97 g.). 
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■ 45, One gram iof pyrolusitC' is treated with an excess of con- 
centrated HCi and the chlorine evolved is passed through Kl 
solution in bulbs. This solution together with the liberated iodine, 
is diluted to 250 ml. and.\on titration with jVySO sNagSaO^;; solution, 
25 ml, of the former are found equivalent to 31 ml. of the latter. 
Calculate the percentage of MnOg in the mineral {AlkL Unw., 
B. Sc., 1935). {Ans. 26*24 per cent). 

46. 0.2 g. ofa sample of pyrolusite, when warmed with excess 

of hydrochloric acid, and the evolved chlorine passed into excess 
of potassium iodide solution, required for the liberated iodine 
30 ml. of jV/ 10 thiosulphate solution. What is the percentage of pure 
manganese dioxide? Univ., B.Sc., 1932. (J/h. 30T0 per 

cent), 

47. Indicate the use of sodium thiosulphate in analytical 
chemistry. 

0*2915 g. of a manganese ore was heated with hydrochloric 
acid and the chlorine evolved was passed into a solution of potassium 
iodide. The liberated iodine required 20.5 mi. of 0* IjV sodium 
thiosulphate solution: Calculate the percentage of manganese 
dioxide in the ore. {Agra Univ,, B. Sc., 1935). {Ans. 13*3 per 
cent,) 

48. Explain fully, w equations, the reactions underlying 
the analytical process in the titration of iron with permanganate 
and dichromate. {Alld. Unit)., B. Sc., 1945). 

49. A quantity of KMn04 was boiled with hydrochloric 
acid and the gas evolved was led into a solution of KI. When the 
reaction was complete, the iodine liberated was titrated with a 
solution of sodium thiosulphate containing 124 g. of Na^ S2 O3. 
5H2O per litre. It was found that exactly 60 ml were required 
to decolourise the solutions of iodine. What weight of KMnO,! 
was used? {Agra tinip. B. Sc., 1947). {Ans. 0.9486 g,). 

50. 0*6 of a sample of pyrolusite was boiled with 210 mi. 
of decinormal oxalic acid and excess of dilute sulphuric acid . Tlie 
liquid was then filtered and the residue w^ashed. The filtrate and 
washings were then mixed and made up to 500 ml in a measuring 
flask. 100 ml of this solution required 50 ml. of W/SO KMnO^ 
solution. Calculate the percentage of MnOg in the given sample. 
(Agra Univ., B. Sc., 1946; Alld. Univ., B. Sc., II, 1957). 
{Ans. 84^58%). 

51. 1.137 g. of pure iron were dissolved in an acid and raised 
to 250 ml; 25 ml of this ferrous solution when titrated with K^CuO^ 
solution required 2M ml of the di hromate solution. Find out 
the strength of the dichromate solution in grams per litre. (Am 
Univ., B.Sc., 1945). {Ans. 9*46 g.). 
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52 Calculate the number of ml. of potassium dichromate 

solutioA containiag 4-9 g. per litre of the salt required to oxidise 
0-5 g. of iron dissolved in dilute sulphuric acid. In an actual 
experiment, 88-5 ml. were required. How do you account for the 
difference? {Agra Univ., B. 5c. 1948). (-4 m. 89.o ml.) 

Q'2828 g. of iron wire was dissolved in excess of dilute 
Bttlptaiic Lid ill the Bolutioe m.de up to 100 ml.; 20 ml of this 
Ll?Son required 30 ml. of jV/30 potassium dichromate solution/or 
exact oxidation. Calculate the percentage purity of the wire. 
[Agra Univ., B Sc., {Ans. 99^). 

54 0.5g.of a sample of a bleaching powder was suspended in 

water a:nd excess of KI added. dilute s^^ic 

acid, iodine was liberated which required dO mi 

5H*0 solution. Calculate the percentage of available 
chlorine in the bleaching powder. Give equations. {AgraUmv., . 

Sc., 1950). (Ans. 35-50%). 

55. How can a standard solution of copper sulphate be pre- 
pared? How would you proceed to determine the percentage 
puritv of a given copper sulphate sample (a) gravimetncally, and 
(b) volumetrically. {Alld. Univ., B. Sc. II, 19o7). 



PART VII 

Organic Substances and tlieir Indentificatictt' 
SECTION I . , 

DETECTION OF ELEMENTSIN ORGANIC: 

COMPOUNDS 

Detection of Carbon and Hydrogen. Ail organic com- 

pomids contain carbon^ and it is usually not necessary to detect 
carbon in them, imless one intends distinguishing them from 
inorganic, (i) Most organic substances char when strongly heated. 
They can be taken on a metallic spatula or on the blade of a knife 
and tested, (ii) Some of them blacken when heated with, concen- 
trated sulphuric acid, (iii) In case of those substances W'hich do 
not answ^er these tests, they may be dried, powxiered, and mixed 
with seven times their weight of powdered dry copper oxide^ and 
strongly heated. This may be done in a dry test tube, fitted with 
cork and a delivery tube. The tube is clamped horizontally and 
heated. The gases evolved are allowed to bubble through lime 
water. If the latter is rendered turbid, the presence of carbon is 
established. 

The formation of water drops on the c ooler sides of the test 
tube indicates the presence of hydrogen in the compound. If the 
upper portions of the tube are dusted with anhydrous copper sul- 
phate the presence of even traces of moisture can be detected by the 
blue colour, which copper sulphate assumes after absorbing mois- 
ture. 

Detection of Nitrogen— (t) Spme of the compounds, evolve 
ammonia, when strongly heated with soda-lime in a hard glass 
test tube, in case they contain nitrogen, '{ii) The usual method of 
detecting nitrogen is by fusing the substance in an ignition tube with 
a small piece of metallic sodium; the mixture is at first heated 
gently and finally to the red heat. The hot end of the ignition tube 
is dipped into water in a dish, and broken. The contents are 
boiled and filtered, and a small quantity of ferrous sulphate added. 
The mixttxre is boiled and acidified with hydrochloric acid and 
FeClg added. A blue precipitate or a bluish green colour would 
indicate the presence of nitrogen. 

The nitrogenous compounds when heated with sodium form 
sodium cyanide, and the solution is alkaline. Ferrous sulphate 
with an alkali forms ferrous hydroxide which reacts with sodium 
cyanide to sive sodium ferrocyanide. When acidified with hydro- 
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chloric acid, and on the subsequent oxidation in air, one gets ferric 
chloride also. Ferric ions with ferrocyanide give the Prussian 
blue colour: ; 

Detection of Halogens — 'Halogens are also tested in the 
above fusion of the compound with If the organic c m- 

pound contains halogens, sodium halide would be formed. ^ The 
'..solution is acidified with'nitric acid, and tested with silver nitrate, 
as in the inorganic analysis. If nitrogen is also present in the com- 
pound, the cyanide is formed on fusion which would interfere 
with the halide test. In such cases, hydrocyanic acid is expelled 
by boiling with strong nitric acid. 

Another method for detection is to heat a copper wire in the 
Bunsen flame til! it is black and ceases to give a blue flame. Now 
the hot end of the wire is dipped in the substance to be tested and 
again introduced in the flame. A green or blue coloration would 
indicate the presence of halogen. 

Detection of Snlpliur — Fuse, the substance with sodiiun as 
above, and filter. Take a few drops of the solution on a watcli 
glass, and add a drop of fresh sodium nitroprussidc solution, A 
brilliant violet coloration would indicate the presence of sulphur. 

If nitrogen and sulphur are both present, sodium thiocyaiitc 
would be produced in the fusion reaction. Acidify the solution 
with hydrochloric acid and add ferric chloride. A blood-red color- 
ation would indicate , the .simultaneous presence of .suipliur and 
nitrogen. 

Another metliod of detecting sulphur is to fuse the substance 
with sodium car!>oriate-potassium nitrate mixture (or with sodium 
peroxide). Suipliur is oxidised to sulphate; the solution is acidi- 
fied with hydrochloric acid and tested with barium chloride. 

If phosphorus is also present, the fusion with sodium peroxide 
forms phosphate wliich can be tesed with nitric acid and ammonium 
molybdate. The fusion is best done in a nickel crucible. 


SECTION II 

DETEEMINATION OF BOILING AND MELTING 

POINTS 

Melting Point Beterminatioii— This may be done in a 
beaker or Kjeldahl flask. A small beaker of 50 ml. capacity would 
sufficient. In it take some strong sulphuric acid or glyccroL 
A very small quantity of the substance is' taken in a capillary tube, 
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closed at one end. The capillaryds ' 'adliered,, ' ' 
to the thermometer by simply moistening , it 
with concentrated sulphuric acid. The acid 
is gradually and cautiously ' Jiea ted.; it !$ ■ 
constantly stirred with a .stirrer, and the’'', 
temperature at which the sulrstance melts, is,, 
noted (%. il). This is tlni, .melting .pointi, „ 

Boiiing point Beterminatioii— As ' the 
purity of a liquid is ascertained ; by.determ.in^ ,. 
ing its bailing pointj it is necessary to . &id it 
out. A fractionating flask is, taken and, con- 
nected with a condenser, 'flie neck of the flask 
is closed with a cork and a tliermometer is 
introduced through it. Tlic bulb of t lie ther- 
mometer is placed jiLSt a little below the side 
outlet tube. A few pieces of broken glass or 
porcelain are introduced into the liquid to 
prevent bumping. If the liquid boi ls above 1 25*^ 
the condenser can be replaced by a long glass 
tube without a water jacket. 

The liquid is placed in the flask, about one- 
third full. It is slowly heated and the tem- 
perature noted when it begins to disliL If 
the temperature is constant lc>r a period of one- 
third distillation, the liquid may be regarded 
as pure. 

If the quantity of the liquid is small, a test lul)e may be 
fitted with a cork provided with two holes, (Fig. 12) — one for the 
thermometer and the other for a tube bent at right angles. The 
latter tube may be connected with a short wide tul>e to net as con- 
denser, The thermometer of the bulb is about an inch above the 
liquid. 



1 



Fractional Distillation — ‘When the boiling points of two 
liquids are fairly apart, they may be separated by fractionation. An 
apparatus similar to one described above for the boiling point 
determination is set up. The liquid of a lower boiiing point 
would distil over first, and as soon as it has almost distilled 
over, the boiling point will suddenly rise and become constant 
A* btgber point. Another portion may be distilled over at this 
temperature. 

Sometimes when the boiling points of two liquids are fairly 
close together, a fractionating column is employed. It consists of 
a series^ of pear-shaped bulbs. The HempeFs fractionation column 
provide j; with glass beads.. Some of. diem arc provided with 
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glass discs. Some times the distillation, flask itself is provided 
with fractionating bulbs in the neck. 

The principle of Traetionating columns ■ ' g 4 , 

may be thus realised: The vapour given . 'I | . 

off from the 'mixture, .-consists of a larger , ' I . f 
proportion ofthe more volatile constituent , ■, 

than that in The liquid., ■ While 'passing ' H 
through the fractionation column^ the ' Jh 

liquid with higher boiling point is partially Tg ' 

condensed , and runs back in the distillation | ^ 

flask, and the one with lower boiling | ^ 

point distils over. The distillate received | 

consists of the more volatile portion only. | po- 

The liquid in the flask becomes richer in | 

the one with a higher boiling point. By | 

this, process, ■ it is possible- to affect a T fei ■ 

separation when the boiling points of the ; 

two liquids differ by a few degrees only, ‘ w 

whereas without a fractionating column, J | 

a difference of at least 20-30° is necessary* i ^ 

Steam Distillation— This is one of . i 
the common methods of isolation and 
purification . of organic substances, both 
solid' and 'liquid. .The. substance and ,a, p. |2 

little water are placed in a flask which 

is connected with a condenser and heated on a gauze or sand bath. 
The flask is also connected through a tube -with steam generator 
.(which may be a simple copper flask, filled -with -water, and fitted 
witli a del-ivery- and, a -safety vertical long- glass tube). The ,stcam 


Fig. 12 




froai the generator bubbles through the mixture in the flask, and 
carries along with it the volatile constituent of the mixture { fig. 10). 
As it passes through the condenser, it gets cooled, and condenses 
along with it the volatile constituent. Very often the compound 
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( Oxalic acidj tartaric acid, succinic acid, citriC; acid,: benzoic 

acid, salicylic acid, phenol or carbolic acid, acetic acid, foniu^ 

( acid, phthalic acid, pyrogallol, resorcinol, formaldehyde, acetalde- 
hyde, chloroform, glucose, canesugar, chloral hydrate, acetone, 
methyl alcohol, ethyl alcohol, acetamide, benzamidc, acetanilide, 
benzene, naphthalene, ether, glycerine, starch, urea, aniline, nitro- 
benzene, benzaidehyde, and iodoform. 

The following important points should be remembered regard- 
, ing these compounds : 

(1) The acids may be given as such in which case the solution 
will be acidic or they may be given as sodium, potassium or ammo- 
nium salts, in which case the solution may be neutral. 

(2) The following substances are not much soluble in watm* 
and are, therefore, given in alcoholic solutions. In such cases you wilt 
be asked to neglect alcohol : — • 

(i) Solids given in alcoholic solution — ‘Benzoic acid, salicylic acid, 
phthalic acid, naphthalene, iodoform, benzamide and acetanilide. 

(ii) Liquids given in alcoholic solution — 'Ether, benzene, phenol, 
chloroform, nitrobenzene, aniline and benzaidehyde. 


But if benzoic, salicylic and phthalic acids are given in the 
form of sodium salts, they are given in water. Also if aniline is 
given as hydrochloride or sulphate, it is given in aqueous solution. 
This solution is strongly acidic and is, therefore, confused for some 
acid.' ■ , 

Preparation of neutral solution— If the solution siipplied 
is acidic, it should be made neutral by oneof the following pro- 
ceses: — 

, {a) Take the solution in a beaker and put a piece of litmiis 
paper into it. Now add sodium carbonate solution to it gradually f 
shaking all the time with a glass rod till it becomes slightly alkaline 
as indicated by the colour of the litmus paper turning blue, llien 
add a little dilute nitric acid so that the solution just becomes 
acidic (tlie litmus pa|X5r turns red). Add a small amount of ammo- 
nium hydroxide so that the solution becomes just alkaline (the 
litmus paper again turns blue). Now boil the solution till the 
excess of ammonia is completely driven off and there is no smell 
of ammonia in the solution. The solution is now neutral. 

[b) Take the acidic solution in a beaker and add a few drops 
of phcnolphthalein solution to it. KW add to it gradually drop 
by drop a dilute solution of caustic soda, shaking all tlie time, till 
the faint light pink colour Just apfKjars as in titrations. 


Care should be taken that the alkali is not in excess otherwise 
there would be a lot of confusion in the analysis. In the first 
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process, the possibility is avoided as the volatile alkali, ammonia 
if in excess, is driven off by boiling. ^ 

■ Residae— The -residua of the supplied solution is prepared 
by evaporating a portion of the solution on a clock glass over a 
beaker. The beaker is filled three-fourths with water, the clock 
glass is placed over it and about 5 to 1 0 ml. of the solution is taken on 
it. The water in the beaker is boiled. VVlica the solution is 
dried up, the clock glass is removed and the residue is examined. 

In many cases the nature of the residue helps us a good deal 
to identify the substance. A solution on evaporation may leave 
a solid residue, a liquid residue or no residue. From this point ; 
of view, the substances may be classified as follows : — - • 


(a) Aqueous solution 


Solid residue 



Liquid residue 

Oxalic acid 

wi 

to 

-g 

Sodium formate 
Sodium acetate 
Pyrogallol 

Glycerine 

Succinic acid 

.3 ■ 

Resorcinol 

Mo residue 

o 

Glucose 

Acetic acid 



..'Cane sugar ' " 

Formic acid 

Tartaric acid ! 

*2 

Chloral hydrate 

Formaldehyde 

,’+3 

Acetamide 

Acetaldehyde 

.1 

' 

8 

Starch 

Acetone 

■ ! 

Citric acid 

Sodium benzoate 
Sodium salicylate 
Sodium phthalate 

< 

Urea- 

Methyl alcohol 


Aniline Salt 

Ethyl alcohol 


(b) Alcoholic sololutiou 

Solid residue 
Benzoic acid 


Phthalic acid 

Salicylic acid 

Benzamide 

Acetanilide 

Naphthalene 

Iodoform 


Liquid residue 
Nitrobenzene 
Aniline 
Carbolic acid 
Benzaldehyde 
(sometimes solid if 
oxidised to benzoic 
acid during evaporation) 


Mo residue 

Chloroform 

Benzene 

Ether 
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Students are required to farniliarise themseives with, • the 
characteristic residues, A few of the characteristics are given 
bdow: — ■ 

(i) White glistening plates~Salicylate, "benzoic and salicylic 
acids. 

{ii) Transparent sticky— Cane 'sugaf, tartaric (weblikc)j 
citric (with stars at places), starch, 

{in) Reddish or brownish — Impure glucose^ resorcinol^ 
pyrogaiiol, aniline salts, 

{iv) White, translucent, easily scratched with nails and gives 
soapy touch when macerated between fingers— Urea (and also 
sodium salts containing free alkali), 

{v) Naphthalene, iodoform, acetamide, and chloral hydrate- 
may volatilise with steam, and not leave any solid residue, 

(i;i) Aniline, nitrobenzene, carbolic ■ acid and benzaidehyde- 
may volatilise with steam and not leave any liquid residue- 

{vii) Syrupy liquid, colourless — Glycerine. 

{viii) Solid, w^hite with blisters — ‘Acetanilide. 

[ix) Acetaldehyde and formaldehyde- may polymerise to give 
slight residue. 

The following substances are best identified with their re- 
sidues: 

Tartaric acid— resorcinol, test*' ■ 

Urea— biuret test. 

Phtlialic and, succinic acids— fluorescein lest. 

Benzamide and' acetanilide— caustic soda, lest* 

Do mi test in the aqiimus soiutmi for the smskmces which cmi only 
be given in alcohol and also do mi test in the ahdwlic solutwn for ike subs^ 
tames which dissolue in tmkr. 

Smell— There arc certain substances wiiich can be identified 
by their characteristic smells. They .arc’:— . 

Carbolic acid, formic acid, acetic acid, formaldehydcj^ acetal- 
dehyde, bcnzakleiiydc, cidoroform, acetone, methyl alcohol, 
ethyl alcohol, benzene, naphtlialene, ethc!!', aniline, nitroteizcne 
and iodoform. 

Of these benzene, iiaphUiaicne, ether and kKloform have got 
to be identified l:)y tlieir smell alone as there arc no convenient 
tests for them; 
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Taste— Caae sugar, glycerine and glucose solutions have a 
sWCet taste. Hence, an idea can be had by putting a drop on the 
tip of the tongue. Citric and tartaric acids may also be tested* 
Resorcinol is sweet with a bitter after-taste. Do not usually taste 
a substance. 

How to ptoceed—Tdkt about 5 ml. of the solution on a clock 
glass and heat it over a beaker filled with water. As the residue is 
thus being prepared, proceed with the analysis as given below and 
when the residue is ready it can be tested. This will save a lot of i 
time. If the solution is acidic, it must be made neutral. The 
residue must be made out of the otigiml solution and not of the pre- 
pared neutral solution. 

CALCIUM CHLORroi GROUP 

This test is given by oxalate, tartrate, succinate, and citrate. 

Take a portion of the neutral solution and add to it a solution 
of calcium chloride. i 

{a) An immediate precipitate— 

{h) A precipitate on shaking vigorously and scratching 

sides of the test tube with glass rod — Tartrate (usually) i 
or succinate (rarely gives the precipitate). ? 

{c) A precipitate only on boiling and scratching — Citrate, 

They can be confi»'med as follows : — 

Oxalic acid — {i) The precipitate obtained on adding CaCIg 
to the neutral solution is insoluble in acetic acid. 

{ii) The above precipitate decolourises KMn04 solution in 
presence of mineral acids on warming. 

Tartaric acid — (i) The precipitate obtained on adding GaCU 
to the neutral solution is soluble in excess of acetic acid (dikinction 
from oxalic acid). 

(it) The residue of the acidic solution is very characteristic 
(web like). 

(ui) The neutral solution reduces the ammoniacal silver 
nitrate solution (2 ml. of AgNO^, 1 drop of ammonia)— On heating, 
a silver mirror is obtained. 

(iv) Treat the residue with twice the amount of resorcinol and 
a few drops of cone. H2SO4 and warm. A red colour is obtained 
(no red colour in the case of citric acid, hence distinction). If 
pyrogallol is used instead of resorcinol, the colour obtained is violet 
or blue instead of red. 
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Succinic acid — {i) Neutral solution solution' in 'cold—a 
bufF'Or 'brown precipitate. ' ^ 

{it) Heat a portion of the residue , in a dry. -test tube. Vapours 
having irritating smell (of burnt 'leather) -are' given out. 

(m) Fluorescein le^j^™Heat earefuIIy a -portion of the dry residue 
with twice the amount of .resorcinol and about .2 drops of cone. 
H2SO4 in a dry test tube (or on a porcelain piece), till it becomes 
orange-red. Pour the contents of the test tube into a beaker con- 
taining water to which caustic soda has been added. The solution 
shows yellow-green fluorescence. 

[iv) Succinic acid is soluble in water. If the given solution 
is aqueous and acidic, it is succinic (distinction from phthalic). 

Citric acid — {i) Heat the neutral solution with ammoniacal 
silver nitrate solution. There is no reduction of ammoniacarsilver 
and no mirror is obtained (distinction from tartaric acid). 

(ii) The residue is characteristic. It is transparent and 
sticky with foiTnation of stars at places. 



. . FERRIC CHLORIDE GROUP 

This test is given by phenol, resorcinol, pyrogallol, salicylate, 
formate, benzoate, and acetate and also by succinate. 

The ferric chloride solution supplied in the shelf should be 
diluted for this. To another portion of the neutral solutitm, add 
a dilute solution of neutral ferric chloride’*' in cold. (Do not heat). 

. (^). Red colour-formate or acetate. 

(i) Violet or blue colour— carbolic acid, resorcinol or sali- 
cylic ^acid, 

{c) Dark-pyrogal lol . 

{d) Buff or brown precipitate— benzoate or sticcina.te. 

They can be confirmed as follows: — 

Formic acid-^f) A red colour is obtained on adclifig FeCla 
to the neutral solution in cold. 



(w) The acid soluiion has a characteristic 'pungent smell 

{Hi) Neutral solution + mercuric chloride— a white precipitate 
on warming, which turns black on further heating, 

{m) The neutral formate solutions reduce silver nitrate solu- 
tion to black colour when warmed. 


♦ ^Ferric chloride should be almost neutral 
tralke It wiih a trace of ammonia solution. 


If it is highly acidic, neu* 
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'“I “"O'”- with 


V f* » Tile ^cid solution; : Ii3ls e eiiara.ctprKtir* ''*■' 

If given asacetate, heat with dilute sulphuric acid-vinegi‘3i: 

(m) Solution+ammoniacal AgNO.— It does not *u- ' 
solution (distinction from formic acid). educe this 

« i, usuaU, ,iv», L SohoV„)'i‘\SrdlyttS 


The solution of phenol gives a violet colour with ft-n-iV 
chloride which is destroyed on addition of acetic acid. ^ ^ 


^ (*“) Solution+NH 40 H+bromme water, warm-~a lieht hh,^ 

colour IS obtained which changes to light red onndcU^^. 
hydrochloric or nitric acid, ° “ on addingj dilute 


Salvylic acid — (i) A violet colour with ferric dilrtri/t.;. u- i 
persists on addition of acetic acid. 


(«) Jo the neutral solution, add a few drops of cone 

shake and cool-white flakes of the free acid 


H.SO, 




obuij? Add bromine » dm orMon-.. precipitate i. 


(iv) Heat a portion of the solid residue with eonr 

coio« b obtatad which h intensified on .i.<aSon of 


1 portion of the solid residue with, mcthvl 

fobteiiS ^ of winter gvjn 


(i) The solution reduces Fehling’s solution. 

(ii) The solution reduces silver nitrate solution. 


(mj Add excess of lime water or caustic sodi m c 

the solution and shake well; the solution turns red and dien brmmf 


viole?^!^.'^ solution-blue or 


Ecsordml—ii) Heat the solution with caustic sorfp, . 
characteristic greenish-yellow colour is obtained^smSS! 


^ (zz) Heat the residue with succinic or * t 1 

2dn>p, of cone. H,SO, in a dry teattnbe oron'^a p»Sl.“‘pi“f 





CStric acid 


white 

glistemiig 


akohoi {salt 
spL in HgO) 


Salicylic acid 


wsLtcty 
also alcohol 


slightly 

coloured 

(steam 

volatile) 




Resorcin 


brownish 


water. 


Pyrogallol 


dark coloured 


no 

(salt leaves; 


'WD^ar 


Formic acid 




I Phthaiic acid 

- 

^ Formaldehyde 


alcohol 


light white 


Acetaldehyde 
Glucose 
Gane Sugar 


light brown 
sticky 
tmnsparent 


Ghloralhydrate 


white 

soapy 


Methyl altx>hol 
Ethyl alcohol 


Anilioe 


Bens^mide 

A^ianilide 


white 


(blisters) 


Na|&thafene 

Authracdie 


steam volatile 


bluish 


aicohoi 


white 




I with 
i GaGIs 
I (in neutral 


with 
FeGls 
(in neutral 
sol.) 


white ppt. i 
insoL in j 
acetic acid [ 

crys. ppt. i 
on shaking 


Fehlmg’s 


Am 


AgNO 


with 
NaOH 
(in neiitrrd 
soi.] 


Special 


liquid 

,5 

no 

: SW! 




5; 

■ 93 \ 

■ ' 

33 



33 

liquid 

syrup 

sweet 

ni 

(0*88 sp. grA 


no 

petrO' 

( 0*736 sp. gr*) 


33 

ether 

liquid 

$9 

39 

chara 


. "■ 

33 

swee 


y f ; ■ 

Steam volatile 

chan 

v-r'-’V: 

' *5 ' 5 

33 ' 

ofbii 




almo 


ppt. on 
heating 

ppt. on shiik-| 
ing (difncult) 

no 


gel. reddish 

ppt. 

buff ppt. 


mirror 


violet col 
not discharg~| 
ed with 
acetic acid 
violet col. 

discharged I 
with acetic 
acid 


dark coL 
red col. 


soluble 


Red col. with resorcin and cone. H2SO4. 

Fluorescein test wdth resorcin and cone. BgSO^. 
Aqueous sol. with cone. HoSG^— white ppt. on cooling. 


reduces 

light reduc- 
tion 
no 


reduces 


bull' ppt. 
no 


no 


reduces 


reduces ; reduces 

to Cu I 


reduces 


yell, ^cen 
brown 


soluble 

no 


I Blue col. with ammonia 4 -Br water : turns pink on adding HGl. 

Fluorescein with phthaiic acid +eonc. H2SO4. 

With FeSO^ sol., violet col. 

Acetates give smell of vinegar with cone. H2SO4. 

Neutral soi reduces HgGh to white ppt.; formates give SOg 
like smell with cone. H^SO^. 

Fluorescence with resorcin+conc. H2SO4. 

Fink col. in cold with Schiff’s reagent. 


mirror 


(on inversion)} mirror 
reduces 

no 1 no 


reduces i 
on hydrolysis. 


buggy smell 
yell* colour] 
yeii colour 
sweet smell 

j smell dr 
I chloroform 
I smell of 

I NH,y, 

; no 


On Inversion with HGl (dil.) (add now NaOH), gives test oi 
glucose. ■■ 

With NaOH4*tesorcin, pink coloiir. 


no 


; reauccs 
! no 


On heating, the residue melts ; ammonia given oif, give? 
violet coi with GuS044-Na0H (biuret test). 

With iodine soi, blue colour, 

(a) With NaOH {or NH40H) +iodme, iodoform smell, 

(by With ammonia and Na nitroprusside, violet colour. 

With salicylic acid — cone. HgSO^— oil of winter green smell, 

With NaOH-fiodine— iodoform smell. 

j Dunstan’s test, borax-phenolphthalein col. destroys in cold but 
I reappears on heating. 

j Bums with smoky flame. 

j Cooling touch. 

: I 

i With KMn045 gives benzoic acid. 

i With NaOH +r€SOrcm, warm, •~>pink colour. 

I Fumes with HGi cone. ; with aipha-naphthol, NaNO^ and di h 
HGI~>red coL On heating with Fe+HGI, 


residue gives] 
smell of NH. 
residue gives 
smell of 
aniline 


Picrate 
Picrate 

bromine. 
Test for iodine. 
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Pour^the contents into a beaker containing water and caustic soda 
solution: a green fluorescent colour is obtained. 

, ,(fn) It. slightly reduces amtnoniacal AgNOg solution,.. ■■ 

(w) It slightly reduces Fehling’s solution. 

(y) With ihrrir. chloride, it gives violet blue colour which is 
discharged ou adding acetic acid, 

Benrow acid (i) A bufF precipitate or the reddish brown 
colour IS obiaaied on. adding FeGl^ to the neutral solution. 

(a') l o the neutral solution, add a few drops of cone. HoSO^. 
shake, and cool white flakes of the free acid (cf salicylic acid). 

Ihe neutral solution gives no precipitate with GaCi- 
(distinction from succinate). 

^m) I he residue does not give fluorescein test (distinction from 
succinic acid)« 

(^) If the aeicl is given as such in solution, it must be alcoholic 
as It IS insoluble in water. 

FLUORESCEIN TEST 

This test is given l.)y succinic acid and phthalic acid* 

of tjic residue with resorcinol and one drop 
cone* H2S1.)4 in a. drv test tube and pour the contents of the tube 
into a bcaluir^r^'Hiiahiiiig ^water to which some caustic soda has 
been added. I luf lorm.tlioii ofa yellow-green fluorescent colour 
shows the‘ prcscuc:c of succinic or phthalic acid. 

The test is c^>mpli^ncutary for resorcinol (see above). 

Tests Irn* succinic aeifl have already been given and phthalic 
acid may be confirmed as follows:— 

Phthalic acirl’^Pi) I’hc neutral solution gives no precipitate 
with GaCI^ (distinction from succinate). 

Jw) The^frce acid jsjinsoluble in water. It is given in alcohol, 
or dissolved in alkafi (dislinctbii from succinic). 

(iii) Heat a portion of the solid residue in a dry test tube; 
vapours Iiavirig clinking smeli arc given out (distinguish from irri- 
tating vapours of succinic acid), 

(w) It furnislios tlic fluorescein dye, when hs dry residue is 
heated with resorcinol and a drop of concentrated sulphuric acid* 
Fiinrescencc is oirserved on adding NaOH solution. 

m 
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■ . : FEHUNG’S SOLUTION GROUP 

' ■ ...Add FehKag’s'' ' salutioR’*®'' by adding Fehling’s solu- 
...tion No. 2: to Fehling’s. solution No. i, till the blue precipitate first 
formed disappears and an intense blue colour is obtained) to about 
3 mi. of hot solution under examination; heat again.^ The forma- 
tion of green 5. yellow, orange, or red coloured precipitate shows the 
presence of formaldehyde^ acetaldehyde^ chloral hydrate^ chloroform^ resorcinol^ 
glucose or pyrogalloL The inverted cane sugar and hydrolysed starcli 
also give this test. 

The tests for pyrogallol have already been given. Others 
may be confirmed as follows :—* 

Formaldehyde^^) A pink colour is obtained on adding Scliiff^s 
reagent § to the solution m 

iii) The solution has a characteristic c^our. The nature of 
the smell is not changed on warming it with caustic soda 
solution. 

{Hi) The solution reduces ammoniacal silver nitrate solution. 

Acetaldehyde — {i) A pink colour is obtained in cold on adding 
Scliiff’s reagent to the solution and shaking (do not heat). 

{ii) The smell is offensive. On heating the solution with 
caustic soda, buggy odour is obtained and the colour becomes 
yellow (distinction from formaldhyde) . 

{Hi) The solution reduces ammoniacal silver nitrate. 

Chloral hydrate — (i) Heat a portion of the solution with caustic 
soda; an emulsion is formed and smell of chloroform is given. The 
sweet smell is not present in the original solution. The subs- 
tance is given in water (distinction from chloroform). 

{H) A pink colour is obtained on adding resorcinol and caustic 
5oda, and heating the solution. 

{Hi) The solution reduces ammoniacal silver nitrate. 

Chloroform — (i) The solution gives an emulsion with water. 
(It is given as an alcoholic solution). 

{ii) It has sweet and pleasant odour, 

{Hi) A pink colour is obtained on adding resorcinol and caustic 
soda to the solution and warming. 

* Fehling’s solution is obtained by adding sodium potassium tartrate or 
.Rochelle salt and. caustic soda to copper sulphate solution. 

Fehling’s solution No, I. It contains acidified copper sulphate solution. 

F ehling’s solution No. II. It contains sodium potassium tartrate and 
caustic soda. 

§SchifF’s reagent is magenta or fuchsine dye, decolourised by passing sul- 
phur dioxide. 



caustic 
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(iv) Heat a portion of the solution with aniline and 
soda — a characteristic odour of phenyl isocyanate. 

Glucose— ^(i) Heat the solution with caustic soda— a yellow 
colour. ^ 

_ (m) The solution reduces ammoniacal silver nitrate to a 
mirror when warmed. 

• to the solid residue; A yellow colour 

IS obtained which changes to brown but no charring takes place 
(distinction from cane sugar). n 

CANE SUGAR AND STARCH 

. ^ solution in a test tube, add to it 1 ml. 

of dll. H2SO4 and boil. Now neutralise the acid with caustic 
soda in excess A yellowish solution is obtained. Add to 3 ml. 
of this, a few drops of Fehhng’s solution,— the formation of a 
yellowis green to red precipitate (reduction) shows the presence of 
erne sugar or starch. (In the case of starch the hydrolysis takes 
fSf solution should be boiled for ten minutes 

acid, the acid is thenneut- 
alkali and then tpted with the Fehling’s solution), 
iiiey can be confirmed as follows:— ^ 

Cam sugar- 
odour. 

/t. (^’0 H2S0.^ to the solid residue — ‘it is charred 
(distinction from glucose). 

Slarch~{i) To a dilute solution of iodine, add a few drops 
oi the .solution in cold, a blue colour is obtained. 

{it) The solution is not sweet (distinction from cane sugar). 

CAUSTIC SODA GROUP 

a portion of the solution or solid residue (if the solution 
IS alcoholic; with a strong caustic soda solution and note the smell 
and cliange in colour. 

(0 If the solution is aqueous '. — 

{a) Smell of ammonia— .ammonium salts of acids and aceta- 
mide. 

{b) Smell of aniline— aniline salts. 

(c) Smell of chloroform — chloral hydrate. , ; 

{d) Yellowish-green colour — 'fesorcinol. ,, ) 


"d) fhe solution is sweet and has a characteristic 
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(e) Yellow colotyr~«^glucose. 

(/) Yellow colour — ^with buggy smell— acetaldehyde. 

(g) Brown colour — pyrogallol. 

(it) If the solution is alcoholic — Use the residue for tests. 

{a) Smell of ammonia— 'benzamtde. 

(h) Oily drops and smell of aniline — ^acetanilide. 

The tests for ammonium salts of acids, resorcinol, glucose, 
acetaldehyde and chloral hydrate have already been given. Others 
are confirmed as follows : — 

Acetamide — ‘(i) Smell of ammonia on heating the solution with 
caustic soda in excess. Heat for 5 minutes and add an excess of 
sulphuric acid — -smell of acetic acid is obtained, 

(n) No precipitate or colour is obtained on adding FeGIg 
to a portion of the solution (distinction from ammoniiim acetate). 

Benzamide — (i) On heating a portion of the solid residue witli 
caustic soda, smell of ammonia is obtained. When this solution 
is cooled and acidified with cone, sulphuric acid, benzoic acid is 
obtained as a precipitate and can be tested as shown in the case 
of benzoic acid. 

{ii) The solution does not give any colour or precipitate with 
FeGl 3 (distinctioir from ammonium benzoate). 

[Hi) The residue is characteristic. 

Acetanilide — -(i) On heating a portion of the solid residue with 
strong caustic soda solution, oily globules are obtained and aniline 
given out, which can be identified by its smell or by a naphthol test 
as given in the case of aniline. On acidifying this solution with 
dilute H 2 SO 4 , smell of acetic acid is obtained (generally the smell 
of acetic acid is masked by that of aniline) - 

[it) The residue is very characteristic when the solution is. 
evaporated and alcohol is completely driven out; the residue is 
obtained in the form of blisters which rise up and then burst out. 

lOBOFORM TEST 

Heat a portion of the solution with caustic soda and iodine. 
The solution becomes yellow and precipitate of iodoform having 
a characteristic smell is obtained in the case of ethyl alcohol and 
acetone* 

They can be tested as follows : — • 
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Ethyl oa^' heating with caustic 

soda and iodine. 

{ii) Heat a portion of the solution with potassium perman- 
ganate in presence of dil, :smeU. of acetaldehyde’ is 

obtained; 

(m) It does not give iodoform on heating with ammonium 
hydroxide and iodine (distinction from acetone) ; 

Acetone-- {i) It gives iodoform on heating with caustic soda 
and iodine and also with ammonium hydroxide and iodine. 

{ii) The solution on treatment with z. freshly prepared solution 
of sodium nitroprusside and ammonium hydroxide gives a violet 
colour. 
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^ rase of free acids, the discharged colour does not appear on 
heatmg, as it happens with glycerine. 

” tested by o-naphthol test. Add dilute hydro- 
„ ^ portion of the solution and then sodium nitrite 

cooling ail the time. _ Now take in a test tube an alkaline 
solution of a-imphthol and to it add the above solution gradually 

important that the first solution 
iS to^5he'^forl*° of a-naphthol and not the 

this ^ the solution; and to 

Steiiied potassium dichromate; a blue colour is 

HPl r® Siye white fumes when mixed with cone. 

ilUi vapour (cf. ammonia). 

cm also be given in the form of salts, e. ?., hydro- 

SSiffauriSS?’’ • '^tll d strLgly 

fntnhftfli r * ? * It will give 

a naphthol test for amiine quite all right. ^ 

Oilv d^f caustic soda solution, liberate 

oily drops of anihne with the characteristic smell. 

Mtrohenzm—-{i) It has a characteristic smell. 

phui^iiJdNit.S'.S’” “‘«»n with zinc and dilute sul- 

vcty*£?SS',J; S " i« 

__j CaHsOGgHg It also possesses a characteristic smfll 

and causes coohng when it falls on any part of Z hSy ' 

O-iafS^Qo* b^rf^S^®’ pleasant smelling liquid, sp. gr. 

U /db at 0 ,, b. p. 35«, very volatile and highly inflaWble 

Benzene-^{i) it possesses a characteristic colour. 

with^aliS^ fla^ ^ ^ hums 

. chSS^lf in alcoWic „iudo„ and poeaeeaee . 
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(n) It does aot reduce Fehling’s solution^ 

(iii) Gives a white crystalline compound with NaHSOg. 

iiv) Hydrolyses to benzoic acid and benzyl alcohol with 
strong solution of NaOH, 

SECTION IV 

SYSTEMATIC IDENTIFICATION OF SIMPLE 
ORGANIC SUBSTANCES 

In order to be successfully able to identify a given organic 
compound, it is necessary to proceed in a systematic manner. 
Attempts to identify it only by smell, colour, taste or even boiling 
and melting point determination is bound to lead one to a wrong 
conclusion. It is necessary, therefore, to make a start with preli- 
minary analysis, i. n., finding out the elements present. This will 
be followed by finding out the nature of groups corresponding to 
those elements. If a compound contains nitrogen, see if it is in 
the form of nitro group, cyanide group and so on. If it contains 
oxygen, see if it is present as hydroxy group, aldehydic group, 
ketonic group or carbo.xylic group. Having ascertained the various 
groups present, the melting or boiling point should be determined 
and efforts should be made to locate the compound in that particular 
group in the tables given below. One or two confirmatory tests, 
specially some colour reactions where possible, should now be 
performed. The final confirmation is to be made by preparing 
a derivative where possible. Details of specific tests like Dunstan’s 
test or biuret test can be found in the book in sections dealing with 
organic identification. 

1. Test for elements. 

Lassaignes' Test— A. little of the substance is heated to redness 
in a hard glass fusion tube with metallic sodium. The hot end of 
the tube is dipped into w'ater contained in'a small porcelain dish. 
The tube breaks and its contents get mixed with water. The 
solution is boiled and filtered. A little of the freshly prepared 
ferrous sulphate solution is added to it and it is boiled again. Now 
it is acidified with concentrated hydrochloric acid and cooled and 
one or two drops of ferric chloride solution are added. A blue 
colour or precipitate confirms the presence of nitrogen in the com- 
pound. 

When an organic compund containing ititrogen is fused 
with sodium, sodium cyanide is formed and will be present in the 
solution along with caustic soda formed by the action of excess 
sekiium on water. ; 

Na+G-fN-^NaCN (sodium cyanide)! 
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Sodium cyanide reacts with 'ferrous sulphate forming sodium 

fcrrocyanidc. 

2NaCN+FeS04« Fe(CN)a + 
ferrous cyanide. 

Fe(GN)2+4NaGN=^ Na4Fe(CN)e 

Hydrochloric acid is used to dissolve the ferrous hydroxide 
formed by the action of caustic soda on ferrous sulphate. 

Now ferric chloride reacts with sodium ferrocyanidc to give 
Prussian blue, ferric ferrocyanidc. 

4FcCl3+3Na4Fe(CN)e-F€4[Fe(CN)e]s+12NaCl 

Prussian blue 

In some substances like diazo compounds or methyl acetanilide, 
the test fails. In such cases a mixture of potassium carbonate and 
magnesium powder sould be used in place of sodium. 

Detection of sulphur — ^The presence of sulphur in an organic 
compound is also ascertained by the above Lassaignes’ test. 

If the organic compound under examination contains sulphur, 
this will be converted to sodium sulphide on fusion %v3th sodium. 

■ 2Na+S-=Na2S 

This can be tested as follows : — ‘ 

(i) It gives a transient violet colour with a few drops of freshly 
prepared sodium nitroprusside solution 

{ii) It produces a black stain on silver coin. 

Nitrogen and sulphur present together — ^When both nitrogen and 
sulphur are present together in an organic compound, sodium 
thiocyanate or sodium sulphocyanide will be produced on fusion 
with sodium. 

Na+G+N+S‘=NaGNS. 

When this solution is acidified with hydrochloric acid and 
ferric chloride added, a blood red colour of ferric thiocyanate is 
produced. 

SNaONS-f FeGl3=::=Fe(CNS)3:=: SNaCI 

Detection of halogensj-N^hm. an organic substance containing 
a halogen is heated with sodium (see Lassaigiies' test above for 
sulphur), the halogen is converted into sodium halide : Na+GI 
:=NaGl, Na+Br,^=5sNaBr, Na+I=sNaI* The filtrate is boiled with 
about 1 ml. of eonceutrated nitric acid to Idecompose cyanide. 





saver nitrate solution added to it., The formation of a curd 
e precipitate soluble in ammonium hydroxide shows chloride. 

NaGl+AgN 03 =AgGl +NaN 03 

white 

A yellow precipitate indicates bromide or iodide* 
NaBr+AgN 03 =AgBr I +NaNO, 


_ jjistmaton between bromide and iodide-^To the solution con- 
taming bromine or iodine as sodium bromide or iodide, a little 
chloroform or carbon tetrachloride is added and then a few ml of 
strong chlorine water. The tube is shaken well. If the chloroform 
or carbon tetrachloride layer turns brown, bromine is present and 
if It turns violet, iodine is present. 

(soluble in chloroform with brown 

2NaI+Gl2=2NaGi+l2 (soluble in chloroform with violet 
colour). 

2. Test whether the compound is aliphatic or aromatic. 

Bum a litle_ of the substance on a spatula. If it bums with 
a sooty name, it is generally aromatic. If it burns with a nonsooty 
flame, it is aliphatic. ' 

Gonfirnmtion may be made by boiling a little of the substance 
with conc. nitnc acid. If the solution turns yellow, it is aromatic, 
otherwise it is aliphatic. 

3. Test for unsaturation. 

f ‘'f whether the compound under examination is satura- 
ted oi unsaturated. This can be done with the help of bromine 
water or potassium prmanganate solution. In the case of unsatu- 
rated compounds, the colour is discharged in cold. (But if all the 

ieSsS* saturated, this test is not 

4e Group test* 

Now it is 
'compotind. £ 
below : 

(-GOOH)-^ometimes 
to change the coloui 


groups are present in the 
various groups are given 
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If the compound is soluble in water, make a solution of it m 
water and treaty the solution with scxlium J‘jlcarbonate. Effer- 
vescence in cold indicates presence of"— GOOIi group. 

If the compound is insoluble in water, treat a saturated solution 
of sodium bicarbonate with tlie substance hi cold. Slow effer* 
vcscence indicates tlic presence of a— GOO'H group. 

(b) Aldihydic *(— GHO)— -See tfie ri%;ictifrti of the subs- 

tance on Schiff's reagent in cold. If the colour is restored, presence 

of aldehydic group is indicated. 

Heat a little of the substance witli Fchliiig's soIiition-'-Rcdiic- 
tion indicates the presence of an aldehydic group. 

{c) Ketonic gr<?iij^{>C—0)— Treat the ^kctoiie with an 
aqueous solution of sodium bisulphite*"— Formation of a crystalline 
compound indicates the presence of an aldehydic or ketonic group,. 

Treat a small quantity of the substance with a few drops of 
sodium nitroprusside, followed fay a drop of NaOH,— red colour 
indicates a ketone containing 011^00— group. 

Add about 0*1 g. of powdered m-di!'iit,roberrzcnc and then 
excess of NaOH solution to a small amount of the substance and 
shake; violet colour which gradually hides indicates ketones (ben-' 
zophenone does not give this test). 

(d) Phenolic group — -Add to a dilute solution of tlic substance 
a few drops of dilute neutral ferric chloride — -Formation of a blue, 
violet or green colour indicates the presence of phenolic liydroxy 
group. In this case, it should be noted that with hydroquinone, 
greenish black ppt. is obtained; a white ppt, changing its colour 
to violet indicates a-naphthol and green colour clianging to white 
shows ^-naphthoL 

[e) Alcoholic group — Add a piece of dry sodium to a few drops 
of the liquid — ‘Evolution of hydrogen indicates the presence of an 
alcoholic group (this will be given by phenols also). 

If a compound contains larger number of alcoholic groups, 
it gives intense yellow colour with ferric chloride. 

if) Posters — -To a little of the substance in water, add a drop 
of phenolphthalein and then a dilute solution of NaOH drop by 
drop, till a pink colour appears. Now heat it— the pink colour 
disappears showing the presence of ester group. 

(g) ‘Monosaccharides reduce Fehling’s solution;, 

polysaccharides do so after hydrolysis (see test of cane sugar, in 
the bpokp. 243), , ..v 

(.h) Hydrocarbons — If none of the* above tests are cbtained;-. 
the compound is a hydrocarbon. 
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(i) Dissolve the substance containing nitrogen 

in hydrochloric acid, cool it and gradually add sodium nitrite to 
it, cooling all the time. Add this to a cooled alkaline solution of 
a or ^-naphthol, an orange-red dye indicates the presence of primary 
amino-group. In case of a secondary amino-group, a yellow oil 
is obtained on ■ treatment with HNOg. 

':{j'} Mtfo-group—^ the substance with Sn+HCl and 
then test for amino-group as above. 

(k) Amtdes-^llc3,t with alkali. Smell of ammonia is obtained, 
5« Betermiiiatioii of melting and boiling points, 

; ^Next the melting points of solids and the boiling points of 
liquids should be determined and efforts should now be made to 
locate the substance in the charts given below according to the 
■'gro'ups present, 

, Preparation of derivatives. 

It is advisable^to prepare the following derivatives in various 
cases : — 

(^) Hydrocarbons — ^Picrak — Mix the saturated solution of the 
hydrocarbon in alcohol with a saturated solution of picric 
alcohol; cool; a precipitate of picrate separates out. - 

Mitro-derwatim~TTe3,t a mixtoe of nitric acid and sulphuric 
acid with the substance ; nitro-derivative is formed and can be 
crystallised, v 

{b) Aicohoi-Aceivkdmvaim—Trea^^ a little of the substance 
with acetic anhydride and fused sodium acetate and reflux for one 
hour. Pour it in water. Filter and dry the precipitate formed. 

{c} Phenols and amino 
as above. 

[d) Aldehydes and ketones — Phenylhydrazone — Treat a little of 
the substance in glacial acetic acid with phenylhydrazine and heat 
on water bath. Phenylhydrazone can be purified by crystallisa- 
tion. 

{e) CaTbohydfates--^Osazem — Prepare osazone as above using 
„ excess:;, of phenylhydrazine. 

(/) Prepare ammonium salt and distill " it 

on a dish over sand bath. Collect the cooled 
verted funnel and separate the amide 

{g) EsUr — ^Separate the acid by 

In individual cases derivatives are 
compounds. The easiest one should be 


compounds — Prepare acetyl derivatr 
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A. Compounds containing c, H & O 

hydrocarbons 

■B.' p. ; ^ Wqidds V 

80 ° Benzene, GgH«~M P «io 

^ ^ 2 . 4 . 6 trmitro-derivative. M. p.' M. P? 


M. p. 


SoHds 


r'“s“s- ‘ss: 

alcohols 

:B.P*;: Liquids ■ ' 

Slyl* 

on warming with^a^soStioS* “iscible with water; 

H SO of iodoform, M p ^Jip? if”^. ‘^^.ustic soda yields 

H.SO, a characteristic odUr of ^36^^^ K^Cr^? 

.^-propyl alcohol, GH«GH PW nw 

A^S^of+SIg^/o”) -»Me 

»Iu&'„tS 0-810 (20-, 

yields butyric aldehyde, B ?" w with KsGr-O^+ii So’ 

GH^G^O**’ ?&?? ^*^25 (0°), miscible 

GH3GHO IS obtained. . with iKHSO^^^S of 
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205° Benzyl alcohol, CgHjGHgOH— sp. gr. 1.043 (20°), soluble 
in 25 parts of water; oxidn. with acid KMnOi yields benzoic acid, 
M.P. 121°. 

290° Glycerol, CHaOH. CHOH. GHaOH-M. P. 20°, sp. gr. 1-26, 
miscible with water, sweet taste; on heating with KHSO4 yields 
acrolein with characteristic odour; triacetate, B. P. 258°; gives 
Dunstan’s test. 

ALDEHYDES AND KETONES 
Liquids 

B. P. 

21° Acetaldehyde, GH3GHO — sp. gr. 0.806 (0°), miscible with 

water, a characteristic odour; reduces Fehling’s solution, and 
restores the colour Schiffs reagent; reduces ammoniacal AgNOs; 
on heating with alkali, it gives an oflfensive buggy odour, forming 
a yellow resin. ; 

56° Acetone, CH3GOCH3 — sp. gr. 0"819 (0°), inflammable liquid, 
miscible with water; yields iodoform on warming with iodine 
solution and alkali, M. P. 1 19°; gives iodoform with ammonia also 
(distinction from GaHsjOFI) ; gives a violet colour on shaking with 
ammonia and a freshly prepared solution of sodium nitroprusside. 

80° Methyl ethyl ketone, CH3GOC2H3— sp. gr. 0-839 (0°), miscible 
with water; yields semicarbazone, M. P. 139°. 

98° Formaldehyde — (FICHO in aqueous solution. ) — a pungent 
and characteristic odour; aqueous solution on evaporation ^ves 
a white solid residue of paraformaldehyde; reduces Fehling’s 
solution;, and restores the colour of Schiff’s reagent, does not give 
offensive odour on heating with alkali (distinction form GHgCHO). 

179° Benzaldehyde, GgHsGFIO — sp. 1-05 (15°), smell of oil of 

bitter almonds; sparingly soluble in water. Reduces ammonia- 
cal AgNOs but not Fehling’s solution. On oxidation with alkaline 
KMnO.t gives benzoic acid, M.P. 121°; phenylhydrazone, 
M. P. 158^ 

202° Acetophenone, GeHsGOCHg — M. P. 20°; sp. gr. 1-023 (25°), 
sparingly soluble in water; on oxidation with alk. KMuO* gives 
benzoic acid; phenylhydrazone. M. P., 105°. 

PHENOLS 

B. P. 

181° Phenol, GcFIbOFI— M. P. 42°, forms cqiom-less crystals; gives 
violet colour with FeCls in water; a characteristic odour; gives 
Liebermann’s test; with bromine water gives tribromophenol, 
M. P. 93°; picrate, M. P. 83°, 
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190" OrthtxfesoU C4eH^OH (1 : 2)— M, R 31", violet colour 
with FeGl^ in water; with bromine water yields dibromo-deriva** 
tive, M, P. 56"; picrate, M. P. 88". 

20r Para^emok GHAHpH (i : 4)— M. P. 35°, blue colour with 
FeCljj in water. ‘With excess of bromine water, yields tetrabromo- 
derivative, M. P. 108°; gives no picrate. 

Solids 

M.P. 

94" a-Jsfaphthol, GjoH^OH (1) — no colour with FcGLj in water but 
gives a white ppt,; acetate, M.P. 46"; picrate, M. P. 189". 

118" Resorcinol^ GftH4 (OH) 3 (1: 3) — *aq. solution, gives blue violet 
colour with FeGlg; gives fluorescein test wih phthalic acid. On 
nitration gives trinitro-derivative, M. P. 175". 

122" p-naphlhol^ G10H7OH (2)— insoluble in W‘ater; no colour with 
FeGi^ in water but a white opalescence; gives yellow colour with 
NaOBr; acetate, M. P. 70"; picrate, M. P. 156". 

133" Pyrogalloly (OH)^ (1:2: 3)— soluble in water; dull 

yellow colour with FeCl^; soln. in NaOH turns brown in air; 
blue ppt. with FeS04 solution. Triacetate, M. P. 161". 

169" Hydroquinone, G6H4 (OH) 2 (1 : 4)— soluble in water; a transient 
blue colour with FeCij in water; ammonia colours aqueous soln. 
brown; diacetate, M. P. 123": with ferric alum in cold yields 
quinhydrone, M. P. 171". 

ACIDS 

Liquids 

B. F, 

100" Formic acid, HGOOH-~-M. P. 8", sp. gr. 1'245 (0"). mis- 
cible with water, a characteristic sharp odour, neutral solution of 
formate gives red colour with FeGla solution; reduces mercuric 
chloride and silver nitrate, ammonium salt, M. P. 114". 

1 18"^ Acetic acid, CHjjGOOH— M. P. 16", gr. T054 (16") ; a charac- 
teristic odour, miscible with water, neutral solution gives red colour 
with FeCls; does not reduce HgGl2 or AgNOg (distinction from 
formate); amide, M. P. 82"; ammonium salt. M. P. 66", 

Solids 

-M*F. , ■ 

100^ Citrk acid, GHgGOOH. G.(OH) COOH, CHgCOOH, 
soluble in water; neutral solution gives a white ppt, with CaGU 
only on boiling^ acetyl derivative, M. P. 115", 
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101° Oxalic acid, GOGH, GOGH, ■ 2H2O — ^soluble in water; 
immediate white ppt. with GaClg in coU^ insoluble in GH3COOH; 
anilide M. P. 245°. On heating with cone. H^SO^ yields GO+ 
GO2. 

121° Benzoic acid, Gghlg CGOH — soluble in hot water; a buff ppt. 
reddish”browa colour is obtained on adding FeCla to neutral 
solution; amide M. P. 128°. On nitration, m-nitrobenzoic acid. 

:. .M. P. 140°. ■ 

155° Salicylic acid, GqH^ (OH) GOOH, (1 : 2)— a transient violet 
colour with FeCl^ which changes to purple; a sweet smell of oil 
of winter green, is obtained on Jieating it with GH3OH and a drop 
of cone. ii2S04; acetyl derivat.,. M. P. 135°. 

169° Tartaric acid [GH(OH) GOOFI] 3— soluble in water; neutral 
solution gives a white ppt. with CaGl2 on shaking; gives a silver 
mirror with ammoniacal AgNO^; diacetyl derivat., M. P. 58°. 

185'' Succinic acid, [CHo^COOHjjj — soluble in water; neutral solu- 
tion gives a %vhite ppt. on w^arming with CaCl2 and a reddish- 
brown ppt. with FcGig in cold; gives fluorescein test with resor- 
cinol; on hcatinggives anhydride, with a penetrating choking smell. 

195° Phthalic acid, G0H4(GOOH)2(1 :2) — insoluble in w^ater; neutral 
solution gives no ppt. with GaCL>but a buff ppt. with FeGlg; gives 
fluorescein test wdth resorcinol. 

ESTERS 

Liquids 

B. P. 

77° Ethyl acetate, CFIjCOOC^FIg — -sp. gr. 0*924 (0°); on hydro- 
lysis gives ethyl alcohol and acetic acid. 

186° Ethy oxalate, (COOCJF5)n-^sp. gr. M03 (0°); on hydrolysis 
gives ethyl alcohol and oxalic acid. 

186 Phenyl oxalate, (COOCgH^Ja — ‘sp. gr. I ‘081 (15°) ; on hydrolysis 
gives phenol and oxalic acid. 

213° Ethyl benzoate, CeFfuGOOCl^Hg — ‘sp. gr. 1*066 (0°); on hydro- 
lysis gives ethyl alcolioi and benzoic acid* 

224"‘ Methyl salicylate, OH.C0H4COOGH3— sp. gr.L199 (4°); 
odour of oil of \vinter green; on hydrolysis gives methyl alcohol 
and salicylic acid. 

Solids 


51° Methyl oxalate, [CjOOGH3]2 — ‘B. P. 163°; on hydrolysis gives 
methyl alcohol and oxalic acid. , ■ , 


iiil 




'...y 
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68** Phmyl benzoate^ G^HjiGOOG^H^— 299®; on hydrolysis 
yields phenol and benzoic acid, 

CAKBOH¥DRATES 

SoKds 

M* P* 

Glucose^ CeHxgOe^reduces Fehlii5.g’s solution; gives silver 
mirror with ammoniacal AgNO^; on heating with NaOHj the 
aqueous solution gives yellow colour; osazone^ M. P, 205®. 

106® Cane sugar, GigH^gOit — does not reduce Fchling’s solution 
but does so only after hydrolysis; charred with cone. H2SO4. 

Decomposes Starch — insoluble in cold water but dissolves in boiling 
water; gives a blue colour with weak iodine so in, 

B, Compounds coutaimug mtrogeu 

AMINES 

Liquids 

B. P. 

183® Aniline GeHsNH^ — ‘sp. gr. 1*027 ( 1 7') , not miscible with water; 
gives an azo dye with aor ^ naphthol; on warming with ale. KOH 
and CHGI3 yields phenyl isocyanide ; with bromine water yields 
ppt. of tribromoaniline, M. P. 118®. 

193® Dimethylaniline, CgH^N (GHj)^ — (M.P. 2 5®) sp. gr. 0'985 
(20®). Hydrochloride (deliques,). M. P.85-95®; on treatment with 
NaN02 in cold gives yellow oily nitroso-compoundj M. P. 85®; 
picratcj M. P. 163®; gives azo dyes with diazotised p-amines. 

19T o-Toluidine, CHgGeH^ NH^ (1:2) — sp, gr. 1*003 (20®), not 
miscible with water; solution in 50% HgSO^ gives blue colour with 
K2Gr207 which changes to purple on dilution; acetyl derivative, 
M. P. 112®; gives an azo dye when diazotised and cooled with a- or 
jS-naphthol. 

SoUds 

M.P. 

45^ p'-Toluidine^ CH3GeH4NHg (1:4) — (B.P. 200®) ’almost insoluble 
in water; the hydrochloride when diazotised and coupled with a- or 
^-naphthol gives an axo dye; solution in 50% H2SO4 gives yellow 
colour with K2Gr207; acetyl derivative, M. P, 148®. 
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GioHjNH, (l)-bad odour; the solution 
of hydrochloride gives a blue ppt. with FeCls; the hydrochloride 
when diazot^ed and coupled wth a-or jS-naphthol gives an azo 
dye; acetyl derivative, M. P, 159°; picrate, M. P. 161°. 

nr^-Naphthylamine, CioH,NH, ( 2 )— odourless; no colour with 
13p*pK-^^te ^P^ p-amines; acetyl derivative, M. P. 

AMIDES AND ANILIDES 
Solids 

M. P. 

82° Acetamide, GH 3 GONH 2 — heating with strong alkali gives 
ammonia and pot. acetate; picrate. M. P. 107°. ^ 

^^^s^B-yon hydrolysis gives aniline and 
M^P l^P’ ^ bromine in acetic acid gives p-bromoderivative, 

128° Ben^amide, G,H,GONH,-on hydrolysis gives ammonia and 
benzoic acid; wirh aniline yields benzanilide, M. P. 160°. 

132° Urea [carbamide), H,N. GO. NH, -gives smell of ammonia 
OT l^atmg m a cry test tube; the residue gives biiu'et test: with 
HISlOa gives nitrate, M. P. 163°. ' 

Nitro ' CompouBils 
Liquids 

:B. Fo 

210° JV-fire CeHsNO,-M. P. 5°, sp. gr. 1-197 (25°); odour 

of oil of bitter almonds; on reduction with Sn and HGl, yields 

benzeni'^M'" ¥" 90 ° HNOg+H.SO, yields m-dkitro- 

220 o-hitrotolutne, CHg. GeH^. NOj ( 1 : 2 ) — 'sp. gr. l-lo"^ ( 20 )°‘ 
odour like _nitrobe™e; on reduction gives o-toluidine; on 

oxidation with alk, KMnO^, gives o-nitrobenzoic acid, M. P. 147", 

NO, (1:3)— M. P. 16°, sp.gr. 1*16 
(17 ), resembles o-mtrotolucne; on oxidation gives m-nitroben- 
zoic acid, M. P. 146°. 

solids 

M. P. 

a-Mtrophenol, p, OH. {1:2)-B. P. 2 15°, bright 

yellow, witli a characteristic odour; soluble in dii. NaOH wth 

orange colour; acetyl derivative M. P. 40°. . 

17 . ' ' ' 
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6i® a-Miirmaphtkakne) G^oHy. NO, (I)“forms dark red solution in 
coac* H2SO4; oa reduction witii Snd^HCI gives tf-naphthyla- 

mine, M. P. 50®. ■ 

90° m’-DinUrobenzene (NOJ.^ (i :3)— light yellow; on adding 
a trace of SaClg to its^ solution in diL feiCifi (boiling) gives 

violet colour. 

1 ir p-MUropkenol, OH. NO, (1 :4)— coloiii'Icss, soliildc in dil 
NaOH with bright yeilo'w colour^ acetyi derivative^ M, P. 81®. 

C, Compottiids eoataiaiiig clilorine 

Liquids 

B. F. 

6r Chloroform^ GHGI3 — sp. gr. 1*504 reduces Felilingvs 

solution; insoluble in winter, gives emulsion; on warming with 
aniline and aic^ KOH gives phenyl isocyariicic; gives red colour 

on warming with resorcinol and dil. NaOH. 

78° Carbon tetrachloride^ GCI4— sp, gr. i*608 (10®;; characteristic 
odour. 

83° Ethylene chloride^ CH^Cl. CH, Cl — ‘sp, gr. 1*252 (20°). on pro- 
longed heating with aniline yields a product, M. P. 163°, 

132° Chlorobenzene — sp. gr. 1'107 (20°); on warming with 
a mixture of nitric acid and sulphuric acid to about 85° gives 
2 :4^dLnitro-derivative5 M. P. 52°. 


Solids 

M. F. 

5y p-DichlorGhenme,Qi^UfC\{\:j)^ P. 172°; on, nitration with 
cone. HNO3 and H4SO4 yields 2:5 dichlorodinitrobcnzene 
, M. P. 54°. 

57 Chloral hydrate^ GGla- GH(OH), — reduces Pchling’s solution; 
’ on heating with alkali gives chloroform. 



D* CoxxipoiiiiLds cotttaiiiiiig bronaiae 

Liquids 

B.F. 

38° Ethyl bromide, Br.~sp. gr. 1 *45 (15°). 

157° Bromobenzene, GeH^Br.— sp. gr. 1 *49 (20°) with B 
at 90 yields 2:4 dinitrobromobenzene, M. P. 75' 
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Solids 

M.P. 

p-Dihromohenzene, GgHi Br.. n-4\-_B P 9iq'> 

yields 2:5 dibromodimtro beLene/ M.R nitration 

E. Compounds contaimng iodine 

Liquids 

M.P.; 

m ^hiofhrm, GHI^^yellow with a chracteristic odour: gives red 
coloui on u aiming with phenol in dil, ale. NaOH. ^ 


PART VIII 

Some Typical Organic Preparations 
1. Ethyl Iodide, G^HjI. 

iodi 

oG^HsOH+P+si^sG^Hsr+HgPO^+HjO 

«n,eTfT 
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Alternate Method 

.2 g. ot yellow phosphorus (weighed under water^ cut into 
small,. picceSj, and' dried with filter paper) arc added gradually to 
the theoretical amount of iodine contained in a 250 mL round- 
bottomed flask. The flask is attached to a reflux condenserj and 
and cooled. 25 mL (excess) of absolute alcohol are added giadually 
at this stage through the condenser tube. After the vigorous 
reaction has subsided, the flask is heated on a \vater bath witli occa- 
sional shaking, until all the phospliorus iodide lias been decom- 
posed (1.5 — 2 hrs.) The ethyl iod'ide is then distilled off’ in the 
usual manner, cither by immersing thejiaskjn the boiling-water 
bath or by heating on a sand bath. The distillate is freed from 
alcohol by washing several times witli water, in case it is coloured 
brown by iodine, it is again shaken with water to which a few drops 
of sodium hydroxide solution have been added. 1 1 is then dried over 
granular calcium chloride^ decanted into a distilling flask and re- 
distilled. Yield — 28 g. 

2. Ethyl ether, C,HsO. 

Reaction-^-lt is obtained by the action of concentrated sulphuric 

acid on ethyl alcohol, 

2C,HPH=:G,H5, O. CA+IIP 

The acid acts as a dehydrating agent. 

Reactants — 

75 g; Concentrated sulphuric acid. 

75 g. Ethyl alcohol (should not contain more than 10% w^atcr) . 

Preparation — ^Take a half-litre capacity distilling flask. In the 
flask introduce the whole sulphuric acid and half the quantity of 
alcohol (30-50) g. Fit up the flask with a tap funnel and a ther- 
mometer, and connect it with a condenser. Fit the end of the latter 
into a distillation flask, the side-tube of which is connected with a 
piece of rubber tubing leading over the edge of the working table, 
so that the uncondensed ether vapour does not catch fire. As soon 
as the temperatwe of the liquid rises to 140®, ether begins to distil 
over. Alcohol is now added from the tap funnel at about the same 
rate at which the, ether distils over, and the tem'perature is kept 
within’ 140-145®. ,Tap funnel should dip below the surface of the 
liquid* f 

Ether collected 'in the receiver is mixed with alcohol and 
water (and also sulphur dioxide) . Transfer it to a separating funnel 
and shake it with caustic soda solution. Separate the non-aqueous 

kyer and dry itin contact with fused calcium chloride* 
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theether on a previously warmed water-bath when the whole 
should pass over between 34M6°, 

Ether has b. p. 35°, sp. gr. 0. 72 at 15°. 

Acetaldehyde, GHjGHO. 

Reaction-~lt is obtained by the oxidation of absolute alcohol 
by potassium dichromate and concentrated sulphuric acid : 

KjGraO, -r4H,S04= KjS04+Grs(S04)3-l-4H,0+ 30. 

GH3GH.0H-1-0=GH3GH04-H30. 

40 g. Potassium dichromate. 

160 ml. Water. 

45 ml. Ethyl alcohol. 

25 ml. Goncentrated sulphuric acid. 

Preparaiion~VhL.ce coarsely j^wdered potassium dichromate 
and water in a litre flask fitted with a tap funnel and attached 
a condenser. Heat the flask gently on a water-bath. Now add 
drop by drop a mixture of alcohol and concentrated sulphuric add 
and shake the flask almost continuously during the operation. 
A vigorous reaction sets in. Gollect the distillate in the receiver 
which consists of aldehyde, alcohol, acetal and water. 

Redistil the contents of the receiver fractionally from a water 
bath. Fit up the condenser in a way that it is inclined upwards 
and by means of the siphon and rubber tubing is filled with water 
at 25° from a vessel. The flow of water is controlled by a 
pinch-cock. 

In the condenser, are condensed alcohol and water , vapours 
which flow back into the distillation flask, and the aldehyde vapours 
over to the receiver. _ The receiver is cooled in ice. Acetaldehyde 
collected in the receiver is cooled in ice. Acetaldehyde collected 
in the receiver may again be subjected to fractional distillation, 
and the portion distilled b etween 20-22° collected. It consists of 
pure acetaldehyde. 

In case it is desired to prepare aldehyde-ammonia, the aldehyde 
is collected in dry eth« placed in the receiver and cooled with icei 
Aldehyde is absorbed in ether: a current of dry ammemia is passed, 
and the crystals of aldehyde-ammonia collected. Filter them at 
the pump, wash with ether and dry on a filter paper. 

Aldehyde-ammonia again gives the pure aldehyde 
with dilute sulphuric acid, 
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In the Indian laboratories, where the tem|.>eratiirc is ustially^ 
above 22°, one ought to be satisfied with the preparation of alde- 
hyde-ammonia, and should not attempt at preparing pure aldehyde* 

Tidd~B g, of aldehyde-ammonia. 

Alternate Method 

' , ■ 25 g. ...calcium acetate and 25 g, of calcium formate are well 
mixed and '.heated: in a. hard glass round bottomed flask, fitted 
with a long condenser. The end of tlie condenser tube is fitted 
with an adapter, which . leads into a receiver surrounded by a free- 
zing mixture of ' ice 'tmd "salt. The acetaldehyde is distilled over. 
This may be converted to aldehyde-ammonia. 

' (GH3COO),Ca + (HGOO),Ca-^ 2CH,GHO+ 

4* Acetone, GHjjGOCHa. 

: Reaction — ‘Acetone is- prepared by heating dry calcium acetate : 
■; ;; - (GH3G00),Ga-CH3C0CH,+GaC03, ; ^ 

Preparation — Bymeansof a large luminous flame kept in constant 
motion, heat about 50 g. of dry calcium acetate in a retort or a 
distillation flask connected with a long condenser. Heat gently 
at first and then strongly. A light brown liquid distils over consis- 
ting of acetone and a little tarry matter. 

Shake the distillate with a saturated solution of sodium 
bisulphite, slightly warm it and allow it to cooL Crystals of acetone- 
sodium bisulphite are obtained. Separate them at a fdter-pump, 
press between the folds of a filler paper and distil them with sodium 
carbonate solution (saturated). Dehydrate acetone over fused 
calcium chloride. 

CHs ^ ■ GH, OH 

^CO+NaHSOa ,C f 

CPi/ ^ Gi“V SO^Na 

'acetone^' acctonc-bisuIphite 

2(GH3),C(0H)S03Na+Na,C0j, 

_ ^ ^2CH3C0CHa+2Na,S0a+G0,+H,0 
, , Purcicetone is a colourless mobile liquid, b, p. 56*5°; sp. 

^ ^^cetamidie, tiHaGONHg. 

Reaction-^THoxs is obtained by distilling ammonium acetate : 

■ GH3GOONH4=:GH3GO]>IH,+ftp. 
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Ammonium acetate~Fot its preparation, take 50 g. of glacial 
acetic acid into a large evaporating basin, and warm it gently on 
a hot water bath. Neutralise the acid by gradually adding finely 
powdered ammonium carbonate (70 g.) with constant stirring (till 
a test portion shows alkaline reaction towards litmus). The 
mixture is then heated on the water bath until another test portion 
shows dox.acid reaction. The contents are then cooled, and the 
crystals of ammonium acetate pressed between filter papers. 

Pfeparation--T^3ht 50 g. of ammonium acetate in a porcelain 
dish and: heat it till it m^lts. , Pour the .molten mass in the distilla- 
tion: flask fitted with- ' air condenser and ■ a- thermometer. ■ .Start 
the distillation on a sand bath. The distillate consists of ammonia, 
water, and acetic acid, and when the temperature approaches iSO"^, 
the molten mass solidifies. It now mainly ednsists of acetamide. 
Transfer the distillate again into the distillation flask and repeat 
the distiilation. When a sufficient amount of acetamide has been 
collected, take it out and dry it on a porous plate or between the 
folds of a filter paper. It may be recfystallised from ether. 

A better yield is obtained if the distillation is carried under 
high pressure and at 200"^. , . " . / 

, M. P. 82"'; b.'^p.-223", ■ 

6. Formic ' acMj. HGOOH. : 

. Rea€imi--Jt is obtained by the action of glycerm^ on oxalic 
acid; at first mono-oxaiin is formed, which then loses a molecule, 
of carbon dioxide forming monoformin. ■ ' The ■monoformin' on^ 
hydrolysis yields formic acid and glycerine. 

CIi/:)H(CHOPrjGHpPI+HOOG. COOH 
■ . :=:GHpk(GHOH)'' GH,0..' GO. GOOH+PI.O. ' , ; 

mono-oxaiin, 

GH,OHCFIOPICH,. O. CO. COOPI 

.^:CII,OH(GHOH) GH,0. GO. H+GO . 
monoformin 

GHPH(CHOH) CH,0. GO.H+H,0 

:..=:CH,OH(CHOH) GH,OH+HGOOH. 
glycerine formic acidi. 

Reactants— 

60 g.Glycerinc. , ' d 

125 g. Crystallised oxalic acid. 

Preparatwn — ^Giyccrine is placed in a retort with thermometer 
and connected with a condenser*. Add to it about 60 g. of the 
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crystallised oxalic acid and heat the ihixtare to 100-*1 10^ on a sand- 
bath; a little below this temperatnrej the evolution of carbon 
dioxide commences, and dilute formic acid distils o^-'er. But after 
sometime the action ceases. Add at this stage the remaining quan- 
tity of oxalic acid, and maintain the previous temperature (100- 
iiO '). Carbon dioxide is again evolved, and a more concentrated 
formic acid distils over in the receiver. Repeat the process with 
further quantities of oxalic acid. 

Neutralise the acid with lead carbonate, and heat; filter hot 
and cooL This would yield lead formate crystals. They may be 
dried and decomposed with hydrogen sulphide to recover pure 
formic acid, which may be distilled over. 

(HCOO), Pb+H,S=2HGOOH+PbS. 

Yield is theoretical, b. p. 100®; sp. gr. T21 at 20®. 

7. CMoroform/CHGIs, 

Reaction — It is obtained by the action of bleaching powder on 
alcohol; the alcohol is first oxidised to aldehyde which is subsequent- 
ly chlorinated to yield chloral; this is then hydrolysed to chloroform. 
All these reactions proceed almost simultaneously : 

GH,GH,OH+GaOCl t:^GH3GH0+GaCI,+H,0. 

2CH3GHO+6GaOClt==2GCl3CHG+3Ga(OH)V3CaGl2. 

2GCi3GHO+Ga(OH),=2GHGl3+(HGOO).Ga. 



Reactants — 

100 g. Bleaching powder. 
25 ml. Absolute alcohol. 
250 ml. Water. 


Preparation — Take the whole of the bleaching powder in a mor- 
:tar and grind it to a cream wth 150 ml. of water. Transfer it to a 
iiaskof H* litre capacity. Add rest of the water also to the flask 
and transfer the whole alcohol also. Place the flask on waterbath 
and attach it with a condenser. Heat gently till the reaction com- 
mences, and then remove the burner. Heat of the reaction is 
sufficient to distil over the chloroform now. See that frothing does 
not go out of control. When the reaction slackens, the contents 
may again be heated to complete the distillation. 


Transfer the distillate to a separating funnel and shake it with 
alkali solution. The lower layer of chloroform is then tapped off. 
The liquid is then dried over fused calcium chloride and redistilled, 

25 g., b. p. 60 ’ 6®, sp. gr. 1*5. 
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Reaction It is obtained by the action of iodine on acetone 
m presence of sodium carbonate. etone 

GH3GOGH3+6I +3Na, G03==2GHl3+6NaI+2Hj, O+4GO3 

'■■..■Reactions^ 

: ' 15' ml, ..Acetone. 


15 g. Sodium carbonate crystals ; dissolve in 80 ml. of water. 

8 g. iodine. 

Preparation— "Mix the sodium carbonate solution with acetone 
and keep the mixture in a water-bath maintained at 75“ Add with 
constant stirring the whole amount of iodine, in several instalments 
Allow the mixtee to stand for sometime. When the iodine colour 
has disappeared, allow the mixture to cool slowly. The yellow 
crystals of iodoform would gradually settle down. Filter them and 
wash TOth cold water. Dry them over a porous plate or between 
the tolds of a niter paper. 

Tield~lQ g., m. p. 119“. 

. . ■^•—"Iodoform may also be similarly prepared from rectified 
spirit [take 15 mi. of rectified spirit instead of 15 ml. of acetone.] . 

9. Nitrobenzene, GeHjNO,. 

Reaction — is obtained by the action of concentrated nitric 
acid on benzene in presence of concentrated sulphuric acid : 

CgHe-hHNOa^ GeHgNO.-l-H,© 

Reactants — 



i 

f 


50 ml. (50 g.) Benzene. 

50 ml. (55 g. ) Goncentrated nitric acid, sp, gr. 1'456. 

80 ml. (72 g.) Concentrated sulphuric acid, sp. gr. 1-842. 

_ Preparation— Tokc benzene in a half-litre flask. Prepare the 
imxturc of _ nitric and sulphuric acids in another flask. Add 
the mixture in small quantities at a time to the benzene, and shake 
me contents after each addition, and cool the flask under tap.' 
(Maintain the temiicralure below 40“ all while) . Keep the mixtoe 

® maintained at 50-60“, and shake 
the flask from time to time. Now cool the flask and pour the coa- 
tente in 5-10 volu^s of water. Separate the nitrobenzene layer 
with a tap-funnel. Wash the oily layer with dilute solution of 
caustic soda, and then with water, and finally dry it over anhydrous 
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SS ttlt- bSSf collect the 

> sp. gr. !•21. 

W. Meta dinitrobenzene, CfRf NO 1 

. lieaction—li i, ^Kf^; it, 
nitrobenzene in presence^S^^ action of fuminir nit,, . , 

P esence of concentrated sulphuric ad f 

C.H.NO.+HNO._ 0 .H,(no.),+h,o. ' 

^’^^dctants — - 

g* ^2 trobenzcnc 

40 t “•'» “id. sp. g,. ,. 5 . 

b. C.oncentrated sulphuric acid. 

Sdf^slSpr' ^^'^^^“dtSrthecoM^ nngS 

iiSSIgi|is=^ 

- i£ss*5'iszi.tf s ^ 

Aniline, C5H5NH 

2G6H5N02+3Sn+]2HCI— 2r w mu- 

Ucaotton--^ 

20 g. Nitrobenzene. 

O f- Glranulated tin. 

00 ml. Concentrated hydrochU • 

Preparation — Place tin ,t ■ ™ j ®P- gr. I' 16 . 

*V‘ 

reaction may be contiSler! , ^ciJnent- stirring ^ acid. 
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cooling, aniline stannichloride,. 
(CietlsWris, Hul) bnCl^, begins to crystallise. A cold solution of 
caustic soda (75 g.) in water (100 ml.) is added very carefully 
m small quantities at a time, the flask being shaken well. Aniline 
IS liberated, the layer of which is separated by a tap-funnel 
IS then subjected to steam distillation (or may be extracted with 
® j , distillate IS saturated with salt, and the base is separa- 
ted, dried over solid potash, decanted into a dry flask and 
purified by distillation. 


12. SulphaniHc Acid, C 6 H 4 (NH,)S 03 H. 

_ ^ Sulphaailic acid or para-amino-benzene sulphonic 

acid IS prepared by sulphonation of aniline. 


2C6H5NH, + H,SO,-> (GeHgNH,) 
C«H3NH,)Ji3S04-fH,S04=2G6H6lSlHS03H-f-2H,0. 

=2NH,.G4H4.S03H-}-2H,0. 

Reactants- 


The crude acid thus obtained is dissolved in boiling water and 
treated with animal charcoal filtered hot and recrystallised. Yield 
IS about 10 g. 


.13. AcetaniHde, C«HbNH.GO. CH 3 
Reaction -Acetanilide is prepared by the acetylation of th< 


10' 2 g. aniline 


37 g. cone. H^SO,! 


Preparation^Hokf^ 10*2 g, (10 ml.) of aniline in a conical or 
or round-bottomed flask and carefully add 37 g. (20 mi.) of concen- 
trated sulphuric acid in small portions. While adding the acid, 
the contents of the flask are to be gently swirled, and cooled * 
cold bath. When the whole of the acid has been added, 
the contents on an oil bath for about 5 hours at 180"— 190^ The 
sulphonation is supposed to be complete when a test portion (2 
drops) is completely dissolved by 3-4 ml. of 2 JV-NaOH solution. 
Wlien the reaction is found thus to be compiete, the contents of 
the flask are poured with stirring into 200 g. of ice-cold water 
and allowed to stand for 10 minutes. The precipitated sulphanilic 
acid is filtered, and washed with water. 
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Reactants — » 

10* 25 g. atxiliixc in 10 ml. cone. HGL 

14*0 g. acetic anhydride. 

17*0 g. Na-acetate. 

Preparation — in a flask add 10 ml. of cone, hydrochloric acid 
to 250 ml. of water, and then mix 10 . 25 g. of aniline. On shaking, 
aniline will pass into solution. Add to the mixture 14 g. of acetic 
anhydride, stir well until it is dissolved and then, immediately 
pour in a solution of 16 g. of sodium acetate dissolved in 50 ml. 
of water. The contents are vigorously stirred and cooled in ice* 
Acetanilide crystals are filtered under suction, washed with a small 
quantity of water, and dried on filter paj>er in air. 

The su|>stance is recrystallised from 250 ml. of boiling water 
to which 5 ml. of methylated spirit have been added. 

Yield-^U g., M. P. 114^ 

14. Diazobeiizeiie cMoridcj GgH^N ;NGi 

Reactions — *It is obtained by the action of nitrous acid (from 
amyl nitrite and hydrochloric acid) on aniline in presence of con- 
centrated hydrochloric acid. 

C«H6NH,+0N.0H+HG1- CsHbN :NG1+2H,0* 

: Reactants — * 

15 g. Aniline. 

150 ml. Absolute alcohol. 

75 g. Concentrated hydrochloric acid. 

24 g. Amyl nitrite. 

Preparation — -Dissolve aniline in alcohol and add to the solution 
concentrated hydrochloric acid in a slow stream and shake con- 
tantly. The precipitate of the hydrochloride appears which 
dissolves later on. Cool the mixture to about 20^, agitate it and 
add amyl nitrite in small amounts at a time from a tap-fimnel. 
Now bring down the temperature to 10'" by placing in ice mixture. 
Crystals of diazobenzene chloride will separate out, which may be 
filtered, at the pump and washed with alcohol, and ether and 
dried in air at the ordinary temperature. (Drying is always 
inadvisable, as the substance decom|^ses with explosion. The 
substance is used for further reactions in the state of solution) . 

Alternate Method 

10 g. of aniline (1 mol.) are dissolved in 50 ml. of a mixture of 
equal volumes of concentrated hydrochloric acid and water (more 
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than 2. mols.) ^ and the mixture^ is pery welhcooled. in ice. ' Now' 
8'9 g. of sodium nitrite (more than 1 moL), dissolved in 20 ml. of 
water, are then added solwly from a dropping funnel, the end of 
which dips under the solution of aniline. The mixture is kept 
well agitated during the addition and the temperature is not allowed 
to rise i. The addition of the nitrite solution is continued imtil a 
drop of the mixture, withdrawn by means of a glass rod, indica« 
tes the presence of free nitrous acid by giving a blue colouration with 
starch-potassium iodide' paper. 

The solution of the diazonium salt prepared in this way may 
be used for various other preparations. 


15. Azobenasene GgHgN rNCgHg 

Reaction’— *lt is obtained by the action of iron filings on azoxy- 
benzene. 

GeH5N(0)NC6H5+Fe=C6H5N : NCsHg+FeO. 

Reactants — • 

10 g. Azoxybenzene. 

30 g. Iron filings. 

Iron filings are freed from oil by washing them with alcohol 
and ether and finally dried in the steam oven. 

Preparation — ^Grind azoxybenzene and iron filings to a fine 
powder, and place the mixture in a hard glass wide tube sealed at 
one end and drawn at right angles at the other (a retort may instead 
be used). The drawn end dips into a receiver which may be a 
beaker. Heat the tube gradually to a high temperature (340""); 
the azobenzene distils over as an oil which solidifies^to a bright red 
crystalline mass as soon as it cools. Wash it with dilute hydrochlo- 
ric acid and then with water. Dry the residue on a porous plate. 
It may be recrystallised from petroleum ether. 

M. p. 61®: b* p. 293°, 


16. Fbenol, GeHgOH 

Reaction - — ^It is obtained by heating diazobenzene sulphate 
(obtained by reacting aniline with amyl nitrite and concentrated 
sulphuric acid) with water. 

(GeH5N:N),S04+2H0H=2GeHs0H+2N,+H,S04 

Reactants — 

7*5 g. Aniline. 

75 g. Absolute alcohol. ... 
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20 ml. Concentrated sulphuric acid. 

10 ml. Amyl nitrite. 

Aniline and alcohol are dissolved together To 
the solution, add concentrated sulphuric acid with constant stirring. ; 
Maintain the temperature near about 25^^ and add amyl nitrite in j 
small amounts at a time, and shake continuously . Add a few 
drops of ether and allow the mixture to stand for 25 minutes. Filter 
off the diazobenzene sulphate and wash it a little with alcohol. i 

Dissolve the diazonium compound in water and decompose 
it by boiling (an upright air condenser may be 'fitted). After a 
brisk boiling for 25 minutes, carry on the steam distillation. 
Phenol will volatilise along with steam and will collect in the dis- 
tillate. Saturate the distillate with common salt, and separate the 
layers with a tapfunnel. Phenoimay be further extracted with ether. 

The ethereal solution is dried over fused calcium chloride, and 
ether removed on water-bath. Phenol may be further purified by 
distillation on a direct flame at about 183°. 

B. P. 183'^; m. p. 43°. f 

Alternate Method 

10 g. aniline are added to the hot solution obtained by pouring 
20 g, of concentrated sulphuric acid into 50 mi. of water. The 
resulting solution is cooled in ice, and diazotised by adding 8-9 g. | ^ 

of sodium nitrite dissolved in 20 ml. of water. The mixture is 
kept well agitated in ice. ^ 

The diazonium salt thus obtained in the state of solution is 
heated gently on water bath far half an hour, and then distilled with 
steam. The distillate is extracted with ether, the ethereal solution 
dried with fused sodium sulphate and fractionated. The phenol 
distils over at 183°. 

Tuid. — 6‘8 g.; m. p, 43°. 

17. Methyl orange, SO^H. N : N. GeH 4 N(CH 3 ),. 


Reaction — -It is obtained by diazotising sulphanilic acid 
and then coupling it with dimethyl aniline; 



S03PI.GeH4NH2+2NaN0^+2HC!^S03H. GsH^NiN.Gl 

+NaCIy2H20 

SO3H. GgH^N : N.G1+C,H5N(CH3)^ 

=S 03 H.CeH 4 N :N.C,H4.N(CH3),. 

Reactants — 

5*3 g. Sulphanilic acid (2HgO), 

1 *4 g. Anhydrous Na^COj. 
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1*9 g.',.. Sodium nitrite'.' 

6 g. Hydrochloric acid (cone.). 

3*0 g. Dime thy laniline. ' • 

, ■ l‘5g. ' Glacial acetic acid,.' 

, 20%, solution of NaOH. 

Preparcdion—lTX 2 i C^^ take 5' 3 g. of sulphanilic acid 

and 1*4 g. of sodium carbonate and dissolve in 50 ml. of hot 
water. Cool the solution in ice water to 5° — ^^10°, and add a 
solution of 1 *9 g. of sodium nitrite in 5 ml, of water. Pour the 
solution slowly with stirring to 6 g. of cone, hydrochbric acid 
and 40 g. of crushed ice placed in another beaker. Pine crystals 
of the diazobenzene sulphonate will separate. Do not filter them. 

Dissolve separately 3 g, (or 3 ml.) of dimethyl aniline in 1*5 
g. of glacial acetic acid. Add this solution to the diazo-product 
obtained above in the suspension state and stir vigorously. .Allow 
the contents to stand for 10 minutes. The acid form of the methyl 
orange will separate out. The acid form is treated with 78 ml. of 
20 per cent sodium hydroxide solution. This furnishes orange 
crystals of methyl orange salt (Na-salt). Boil the contents, add 
5 g. of sodium chloride, cool in ice water and filter off methyl 
orange crystals. 

*6 g. 

18 , Fluorescein and Eosin 


Reaction — When phthalic anhydride is condensed with two 
mols. of resorcinol in presence of a water-eliminating agent like 
zinc chloride, we get fluorescein. This when treated with bromine 
furnishes a tetra-bromo compound, known as cosin. 

CsH4(CO) ,0 +2CsH,(OH) 

G0(0)C[CeH3(0H\0.C6H3(0H)]+ 2H,0. 
fluorescein 

F luoresce i n -f 4 B r jj 

-CeHi :C0(0) G[G6HBi3(0H).0. CePIBr2(OPI)]+4HBr. 
eosin 


Reactants— 


(i) 


(ii) 


7-5 g. 

11 g. 

4 g. 

® .?• 
40 ml. 

18 g. 


Phthalic anhydride. 
Resorcinol. 

Zinc chloride (anhydrous)* 
Fluorescein. 

Rectified or methylated spirit. 
(6 mi.) Bromine. 


: 2 ;^ 2 . 


Amhimmiu chemistry 


Preparation — Fluorescein — Mix well 7*5 g, of powdered phthalic 
. anhydride and 11 g.: -of resorcinol and transfer the mixture to^ a 
.small conical flask (150 mL). ^ Heat this flask in an oil bath heated 
to 180®, weigh out 4 g, of fused anhydrous zinc chloride in a 
stoppered bottle (zinc chloride should be freshly fused in a porcelain 
dish, and then powdered; it should not be exposed to air). Add 
zinc chloride to the mixture kept in oil bath in small portions at 
a time, and stirring is continued with the thermometer placed in 
the mixture. Continue heating at 180® and stirring simultaneously 
until the solution becomes so viscous that further stirring is 
rendered impossible (60 minutes), The resulting dark product 
consists of fluorescein and zinc salts. Allow the flask to cool to 90® ; 
add 100 ml. of water and 5 ml. of concentrated hydrocliloric 
acid to the reaction mixture, and raise the temperature to the 
boiling of the contents (110®), When all the zinc salts have gone 
into the solution, filter the insoluble residue of fluorescein at the 
pump, grind it with water and filter. Dry it at 100®* 

Yield : — 15 g* 

Eosin — ^Place 8 g. of the prepared fluorescein and 40 ml. of 
spirit in a small flask (150 ml). Support a small dropping funnel or 
a burette containing 6 ml. (18 g.) of bromine above the flask. Be 
very careful in handling bromine and the stop-cock of the funnel or burette 
should be well lubricated. Add bromine drop by drop in course of 
20 minutes. When half the quantity of bromine has been added, 
a dibromo compound is formed and all the solid material passes 
into the alcoholic solution. On farther adding bromine, a 
tetrabromocompound {i.e. eosin) separates out (which is sparingly 
soluble in alcohol). The reaction mixture is then allowed to 
stand for 2 hours. Eosin in filtered off at the pump, washed with 
alcohol and dried at 100°. 

Yield: — 12 g. 
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;■ PART IX 

SOME ' EXPERIMENTS IN 'PHYSICAL CHEMISTRY 



T*, Calibratioii of Voliwsietric Apparatus, 

For volumetric work, flasks, pipettes and burettes are employed, 
wMch are constructed and marked so as to take up or deliver a 
definite volume of liquid. On the apparatus is marked the tempe- 
rature and the volume corresponding to it. For ordinary work, ! 

these graduations are quite reliable, but there is a possiblity of f 

slight error for every accurate experiments. Thus a ten ml. pipette 
may be delivering only 9-95 ml. or even 10*05 ml. In ordinary | 

volumetric analysis involving double titrations, the graduation, of = 

course, gives rise to no error, because the volume measurements i 

are only relative. The case is, however, quite different when the ! 

volumetric apparatus is to be used for the purpose of preparing * 

solutions of definite concentrations, or for other purposes where I 

the different measures are used independently. i 

Thus the calibrations are of two types : (i) Relative calibrations, I 

in which a pipette, a burette and a flask is calibrated with respect f 

to each other. This is necessary for titrations and similar experi- 1 

ments. (ii) Independent calibrations in true ml. 1. 



The observed error, if any, is noted. Verification is made 
for different ranges in the burette in a similar way: 

Volume delivered from the pipette ... 10 ml. 

First burette reading ... 40 

Second burette reading ... 30*15 

This shows that 10 mi. of the pipette corresponds to 9*85 
divisions on the burette. 

The fact is taken into account while the burette readings 
are used for calculations. 


The process of relative calibration is easy. A pipette may be 
regarded as standard. It is filled up with a liquid up to the mark. 
Some liquid is taken in a burette and the reading taken. Now 
the liquid from the pipette is poiued into the burette, and the 
reading taken. It is then seen whether the volume delivered from 
the pipette does exactly correspond to the volume recorded from 
the burette. 
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The graduated flask is then calibrated with respect to the 
already calibrated burette. The flask is completely dried, and 
‘filled up with water from a burette. The capacity up to the 
mark is noted, A 100 ml. flask may thus be actually containing 
99*5 or 100*5 ml. of the solution with respect to our calibrated 
pipette and burette. 

The method of Independent calibrations is given below. In 
this case, one determines the weight of a liquid, generally water 
(distilled), required to fill the volume, the weight being reduced 
to vacuum. To save the trouble of making this reduction, use 
may be made of the following table : 


Appt. weight of Volume corresp. 


Temperature 

i ml. of water 

to 1 g. of water 

15° 

0-9981 

1-0018 

16° 

0-9979 

1-0021 

18° 

0-9976 

1-0024 

0 

O 

CM 

0-9972 

1-0028 

22° 

0-9967 

1-0033 

24° 

0-9963 

1-0037 

26° 

0-9959 

1-0042 

28° 

0-9954 

1*0047 

30’ 

0-9950 

1-0051 


which gives the volume (in true ml.) corresponding to an 
apparent weight of 1 g. of water, and the apparent weight of 
1 ml. of water at different temperatures . 

Experiment. — Calibration of a pipette — ^Pipettes are calibrated 
by weighing water which they deliver. The following precautions 
are observed. In the first place it must be seen that the glass 
of the pipette is free from all greasiness, so that water runs 
from the pipette without leaving drops behind. The pipette^ 
therefore, should be thoroughly cleaned. This is best effected 
by filling the pipette several times with warm concentrated 
sulphuric acid to which a little potassium dichromate has been 
added. (Care must be taken not to suck the solution into the 
mouth). In the second place, attention must be paid to the 
way in which the pipette is allowed to deliver. The pipette should 
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usually be held upright, or in any case, not sloping at an angle 
greater than 45°. and the liquid is allovyed to run freely. Imme- 
diately the liquid stops running, touch the tip of the pipette 
against the side of the vessel, so as to remove the drop of 
the liquid ivhieh collects at the tip and then withdraw the 
pipette. 

Take a small stoppered flask and weigh it carefully. Suck 
^ in distilled water in the pipette up to the mark and deliver 
the liquid as described above in the stoppered flask. Now again 
weigh the stoppered flask. From the weight of water the volume 
can be calculated by the use of the table given above. If 
necessary, one can for himself determine the density of water at 
the temperature and make calculations. The experiment is 
repeated a number of times and the average taken. 


The readings are recorded as below: — 

Temperature= (say 24°) Density of water 

Pipette used= 10 ml. at this temp.=. 


Readings weight of 
the flasK; 

tSecoiid 
weight of 
the lias'< 

VVeigm ot 
iO ml, of 
water 

'Gt>rre;ct 

volnme- 

W/D 

Error | 

1. 25-00 g. 

2. 

3. 

1 ■■ ■ ■ 

34-8 54 g. 

, . 1 

' , ' ■ ■ ■■■ ■ . 

9-8954 

i 

1 ■■■■ : 

{■■ 
i ■■■ ■ ■■ ■ 

9-8^54 

• 1, 

1 

( 

i; 

V 

I'i 


i. 


Experiment 2— Calibration of a Burettes are most 

simply calibrated with the help of a small pipette, usually 2 ml., 
already calibrated by the method given above. Or, it may be cali- 
brated by the method already described for calibrating pipettes. 

Glean burette with chromic acid solution (potassium dichro- 
mate and strong sulphuric acid), and finally clean |it with water. 
Clamp it in an exact vertical position and fill it up with distilled 
water up to a certain level. Weigh a stoppered flask; deliver out 
5 ml. of water into the flask and again weigh. Deliver out succe- 
ssively a number of volumes, and again weigh. The following 
volumes may be delivered: 


mQ. 
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0 to 5 mL, 5 to 10 mL, 10 to 15 ml. 

15 to 20 ml., 20 to 25 ml 

Record your results as ^vtn below aud calculate the correct 
volumes for different ranges of the burette (a ' burette may have non- 
uniform errors in graduations) : 


Temperature (say 24®). Density at (say 24®) ^0‘9963.| 



Apparent 

volume 

First 

weight of 
the flask 

Second 
weight of 
the flask 

Weight of 
5 ml. of 
water. 

Gorre ct 
volume 
W/D 

1. 

■■ 

0 to 5 ml. 

25-OOOOg. 

29-9986 g. 

4-9986 g. 

4-9986 






0-9963 

2. 

5 to 10 mi. 





3. 

10 to 15 ml. 


i 




Experiment S—Cdlihration of a Jlask— The flask is first cleaned 
and thoroughly dried: it is then counterpoised on a balance, and 
distilled water, having a tempera ture of about 20®, is run into the 
flask until the lower edge of the meniscus stands at the level of 
the volume mark . on the neck. Any water whicli may have got on 
the neck above the mark should be removed by means of the filter 
paper. The weight of the flask is again taken and from the two 
weighings, the weight of water in the flask is known. The volume 
of water corresponding to this weight is then calculated from the 
density of water for the given temperature. 

II Molecular Weight o£ Volatile Liquids From 
Their Vapour Densities. ■ 

It is known from the Avogadro’s hypothesis, that two gases 
at the same temperature would contain the same number of 
molecules in the same volume. Density of a gas or vapour may 
be determined with respect to hydrogen. This is known as vapour 
density. Since the molecular weight of hydrogen is 2, the molecular 
weight of a gas or vapour^2xits vapour density. The two well known 
methods of determining vapour densities are : 

(i) Dumas’ method, and [ii) Victor Meyer’s method. 



VAPOUR DENSITIES 


Experiitteat 4— To detemim the molecular weight ^of chloroform 
by Dumas'^ method. 

In this method, a glass bulb (B) with a long '^neck is dried 
and weighed. Sufficient liquid is ^ 

■introduced into .the' bulb by. war- H A' -, 

ming the bulb, dipping the neck in- ' | . ■ . p L — q 

to the liquid and cooling. The bulb I r 


is then mpported in a water bath | 

(A), or an iron pot containing water, I 

oil, or melted paraffin wax, heated 
above the boiling point of the liquid J 
of which vapour , density is to' be ^ ■ ' 

determined. Volatilisation rapidly J 

occurs, the air being expelled through ® ^ 

the tip of the bulb, which project 

above the surface of the liquid in ^ H • 

the bath. When the ■■ rush of vapour ■ \ 

ceases, the neck of the bulb is sealed ® 

off andj:he temperature of the teth j 

read off on the thermometer. ■ The 

bulb is removed from the bath, \ 

cooled, cleaned and reweighed. The ’ 

tip of the neck of the bulb is scrat- Fig. 14 

ched with a file and broken under water. fThe latter rushes into 

the bulb and fills it completely. The bulb full of water is weighed. 

The barometric pressure is also noted. 

The experiment may be tried with chloroform or hexane. 
Weight of the Dumas’ bulb ==40*9555 g. 

Weight of the bulb filled with chloroform vapour 

=41*7318 g. 

Tempcratiu-e of bath when sealed=89® 

Weight of bulb filled with water=309*61 g. 

Pressure (atm.) =752*3 mm. 

Temperature — 30*6'^ 

Calculations — 

Weight of water in the bulb=309*61 — 40*9555 g. s. 

=268*6545 g. 

Therefore, the capacity of the bulb at 30*6^ and 752*3 mm. is 

268*6545 ml 

It will be seen from tables that the relative density of air at 
this temperature and pressure is 0*001143, 

Therefore, the weight of air in the bulb 

=268*6545X0*001143=0*3070 g. 

Hence the weight of evacuated bulb =40*9555 "*-0*3070 g. 

=40*6485 g; 
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Therefore, weight of chloroform vapour in the bulb 

=4I-7318 -40-6485 g. = l-0833 g. 

Weight of 1 ml. of hydrogen at 760 mm. and 0° (273°A) is 
0-00009 g. 

Therefore, the weight of hydrogen occupying 268-6545 ml. volume 
at 752*3 mm. and 89° (i.e. 362°A) 

_ 752-3 X 268-6545 X 273 X 0-00009 

"760xM2'" 

=0-01847 g. 

1*0833 

Hence the vapour density of chloroform=^.Qjg;^y==58 

Thus the molecular weight of chIoroform=2 X 58‘6s= ! 1 7*2, Correct 
value is 119*5. 




Experiment 5 — To determine the molecular 
weight of carbon tetrachloride by Victor Meyef smetkod. 

The apparatus consists of a long glass tube 
with ^ bulb and a side tube (fig, 15). The 
whole of it is placed in an outside jacket made 
from a nietal which contains water in the lower 
bulbous part. This when heated provides 
Steam and keeps the whole apparatus at a 
temperature which must be constant and 
higher than the boiling point of the substance 
(the temperature need not otherwise be 
known). The side tube delivers into a gradu- 
ated tube in a trough of water. The long 
tube is heated in the bath until no more 
bubbles of air escape ; then the side tube is 
placed under the graduated tube, the cork of the 
top of the long tube is taken out, and the weighed 
quantity of the liquid in a small stoppered bottle 
(known sometimes as Hoffman’s bottle) 
dropped into the heated bulb, the cork being 
quickly replaced. A little asbestos fibre or 
a little mercury is placed at the bottom of 
the bulb to prevent fracture on dropping the 
stoppered bottle. 

The liquid quickly vapourises and the 
vapour (which does not diffuse to the top of 
the narrow tube) displaces its own volume of air, 
which is collected in the graduated tube. 
When no more bubbles come oflf, the volume 
of air is read off and corrected for pressure 
and temperature. 
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For reading the volume, the graduated tube is brought to a 
long jar filled with water, and the level of water inside and outside 
is made equal. 

' Observations — ^Weight of the Hoffmann’s bottle =0*5760 g. 

Weight of the bottle+liquid =8*7376 g. 

Weight of the liquid =0*1616 g. 

The volume of air displaced =28 ml. 

Temperature of water = 30° 

Atmospheric pressure =752*7 mm. 

Vapour tension from table at 30° =31*7 mm. 

Calculations — Atmospheric pressure — ^vapour tension 

= 752*7 — 31*7 mm.=721 mm. 

Weight of hydrogen at 30° (or 303°A) and 721 mm. 
28x721x273x0*00009 


760x303 


=0^002155 g. 


A the vapour density of the liquid=0*l 61 6/0*0021 55= 75 

Therefore the molecular weight of the iiquid=2x75 

= 150 


III. Molecular weiglit determinations^ on the 
basis of Raoolt’s law 


In 1883, Raoult made an interesting observation that digram 
molecule of all substances (unless the substance dissociates or associates 
in or chemically reacts with the solvent) dissolved in the same amount 
of a solvent would produce the same degrees of lowering of the freezing 
point of the solvent^ and also produce the same degrees of elevation of the 
boiling point of the solvent, 

molecular lowering of freezing point. 

It is defined as the lowering in the freezing point when one 
gram-molecule of the substance is dissolved in 100 g. of the solvent. 
Sometimes it is expressed in terms of 1 ,000 g. of the solvent also. 

K/ for 100 g. of the solvent= 1 0 X A"''/ for 1,000 g, of the 
solvent. 

Thermodynamically . 

0*01987 xT^ 

Kf (for 100 g. of the solvent) = — — j- where T is 
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*the l5entlea?S fS?*® ^ is 



Solvent 

BTeeziixg 

point 

Latent 
heat-* '■ 

”^ior 10(r'g.~ 
of the ® 




1 L 

solvent 


Water ■■■■ 


79-8 cal 

: 18-58’ 


Benzene 

5-4= 

50-4 

1 

1 51-20’ 


Acetic acid 

16-6’ 

44-7 

i 

.S9-00’ 


Nitrobenzene 

5- 72° 

22-5 

r-. 

(L 

<0 


It is *1^® ^Iccular elevation of the boiling point, 

a ^am S point of the solvent when 

» 1»« of th. 

A-j=s0-0I987 xT^/L 


Solvent 

Boiling 

point 

(760 mm.) i 

1 Latent 
heat ? 

I L : 

K'l, ibr KK) 
g. of the 
Solvent 

Water 

100-0° 

539-5 cal. i 

5-13° 

Benzene 1 


' 

94*4 ; 

1 

25-7’ 

Acetone 

56-2’' 

124-5 1 

17-2’ 

Chloroform 

61-2’ 

1 

59-5 1 

38-6’ 

Ether 

34-6’ 

83-9 j 

21-1° 


auantftv of themometer by the adjustments of the 

quantity of mercury in the bulb in such a maWr that when 
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pure water freezes, thermometer stands at a 

mark near 5^ on the Beckmann scale. ' ■ ' v 




Fig. 16 

The apparatus used for the detci’mination of the freezing point 
is shown in the fig. 16. I he w^eighcd amount of water is taken in 
the inner tube A (water may be measured in ml and then^the 
volume may be multiplied by the density) , This is enclosed in a 
wider tube C, which in turn is immersed in a freezing mixture in 
an outer jar B. The object of the air Jacket between the two 
inner tubes is to make the cooling slow,’ so that the accurate 
readings may be made. The liquid is stirred, and the temperature 
at which mercury in the Beckmann thermometer becomes ^steady 
is read offi In fact, a little supercooling takes place in the 
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begiiHimg, it is released, by stirring and the mercury thread sud*^ 
deniy shoots up and becomes stationary at a temperature which is 

the freezing point. 

A weighed amount of sucrose is then introduced through the 
side arm. G in the inner tubcj dis.soived and the process of deter- 
mining the freezing point repeated. 

Further freezing points 'are taken with additional quantities 
of the siibstance introduced and dissolved in the solvent. 

Calculations — ^The molecular weigiit of the subs.tance 

_l^QyJifXa 

^ ,ATxi. ^ 

where AT is the depression of the freezing point caused by a g, 
of the solute in h g. of the solvent, and /f/ is the molecular lower- 
ing of the freezing point (18*58 for water). 

Observations — ‘Solvent (water) taken «s25'0 mL=25*0 g. 
Sucrose introduced— 0.6204 g. 

Beckmann reading with pure waters 4* 32® 

Beckmann reading with sucrose solution =4*095® 

Depression in freezing point, AT=4*23— 4.095=0*135® 

Therefore, the molecular weight of sucrose 


100x18*58x0*6204 
s- : -; 25.x 0*1 35““ 


340 


The correct value corresponding to C 12 H 22 O 11 is 342. 


Experiment 7 — To determine the molecular weight of sucrose 
the elevation of the boiling point method* 



It is not necessary to use the Beckmann thermometer in this 
case; any thermometer which reads up to one-tenth of a degree 
would do. In case the Beckmann is used, the mercury in the 
bulb of the thermometer is so adjusted that it stands at the mark 
in the neighbourhood of zero on the scale. 

The apparatus is described in the figure 17. It consists of 
an inner graduated wide tube B enclosed in another wider tube 
A provided with a projecting side tube P. The solvent is taken 
in the inner tube B and the volume of the solvent at any moment 
can be read on the graduations. Water is heated in a conical 
flask E and the steam from this flask is carried through the 
delivery tube D and bubbles through the solvent in B and escapes 
through a hole in the ' same (G). The steam as it condenses 
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trickles out through Boiling points are read off on the thermo- 
meter G. Boiling point of the pure solvent is first determined. 


A weighed amount of sugar is then introduced by quickly taking 
out the cork and immediately placing it back, and the boiling 
point ^ of the solution is again determined while the steam is 
bubbling through. The volume of the solvent is also read off 
on the scxile at the same instant. 

Observations — ‘Amount of sucrose introduced =P 7260 g. 

Boiling point of pure water ==100*^ 

Boiling point of the sucrose solution =100.236'^ 
Elevation of the b. pt., AT ==^0*236° 

Volume of the solution =11 ml. 

The amount of the solvent =11 g. approx. 

100xK^,Xa 

ATxb 

where K|, is the molecular elevation of the boiling point (5*2° for 
water), a is the weight of sugar dissolved in b g» of the solvent, and 
AT is the elevation of the boiling point. 

1 1 * r 100x5*2x1*7260 

Molecular weight of sucrose — 


Molecular weight^ 
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IV. Viscosity of Liquids. 

^ liquid flows ^through a narrow tube, the velocity of 
flow will depend, in the first place, on the force which produces 
the flow. All parts of the liquid, however, do not move through 
velocity ; the layers next to the sides of the 
tube move more slowly than the middle layers. There is thus a 
she^mg,ora movci^nt of the different layers past one another 
direction of flow; and this displacement of different layers 

internal friction or 

mcosity Qi the liquid. I he same amount of various liquids 
trough the same_ capillary tube does not take the lame 
v£osky! °"^ difTerence is due to their difference in 

of viscosity, or simply known as viscosity has the 
dimension, ML- 1 , and fe measured in G.G.S. units; The deter- 

« * * f plication of the absolute viscosities is not 

always convenient.^ ^But it is easier to '' 
compare the viscosities of two liquids and 
if the viscosity of one be known , of the 
other is also determined* 

The simple apparatus used for de- 
^rmming the relative flow is known as 
Osiwdd's viscometer. It consists of a fine 
capillary tube, through which a definite 
volume of liquid, namely, that contained 
between the two marks A and B* is 
allowed to flow under the force of its own 
Weight. Jn the actual experiment, a 
toown volume of the liquid, say 10 ml* 
^^^■^troduced into the wider U4imb (Fig* 
15) . A piece of rubber tubing is attached 
to the narrow U-limb, and by sucking the 
air, the liquid is sucked up a little beyond 
the mark A into the narrower limb. The 
Imuid is then allowed to flow back through 
the capillary and the time required for 
the surface of the liquid to pass from the 
mark A to mark B is noted bv means of 
a stop-watch. 

' Fiff. 18 the two liquids, with viscosities % 

densities 4 and 4 and 
their time ^of flow, ^ when the rmr volume of the two has been 
introduced into the viscometer, be ti and then: 


vAH 


ii 


© 
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The viscosities are usually determined' with respect towaten 

Experiment %~To find out the viscosity of benzene — Glean up 
the viscometer with chromic acid and finally with distilled water. 
Arrange a small bath of constant temperature, 25®, in which the 
viscometer can for the most part be vertically held. Pipette out 
10 ml of distilled water and introduce it in the bulb. When 
water has attained the temperature of the viscometer, suck up the 
liquid a little beyond the mark A, and then allow it to re-flow 
under its own weight. Start the stop-watch when the liquid is just 
at A, and s top the watch, immediately the liquid passes the point 
B. This is the time of flow for water. Repeat the experiment 
three O'r four times," 

Dry up the viscometer, and introduce 10 ml. of benzene into 
it, and when the liquid has attained the temperature of the bath, 
determine its time of flow in the same way as in the case of water. 

By means of specific gravity bottle, determine the relative 
density of benzene at the same temperature. 

Viscosity of benzene 


(time ^ density) benzene 
(time X' , density' for) water 


X viscosity of water. 


Vircosity of Liquids 


Liquid 

0^^ 

10® 

Viscosity at 

20“ 25“ 

O 

O 

CO 

40® 

Water 

.. 0-0179 

0-0131 

O-OIOl 0.0089 

0.00803 

0*00660 

Mercury 

.. 0*0169 

0-0162 

0-0155 V. 


... 

Ethyl alcohol 

0*0177 

0-00145 

0-0119 

0*00989 

0*00827 

Ether 

. , 0-00286 

0-00258 

0-00234 .. 

0*00212 

... 

Benzene 

0*00902 

0*00759 

0-00649 .. 

0*00562 

0*00492 

Chloioform 

. . 0*00700 

0*00626 

0-00564 .. 

0*00511 

0*00455 


Relative viscosity of normal solutions with respect to water. 


NH.OH 25® 1*02 


NtLCI 17.6® 0-98 


KGl 17*6® 0-98 



HGl 25® 1*07 I NaOH 25® 1*24 ! Kl 17*6® 0*91 

V. Surface Tension of liquids. 

The surface of all liquids behaves like,, a stretched skin, and 
there exists a pull in the surface of all' the liquids, in some less 


, 51 ' '■ 

Hr. 


4'i 


iSiiiil'iil 
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aad ill some more. This 'pull is kaowa as teasioa of the surface. 
Surface iensim is the force per uait Icagth of a liac drawn on. the 
surface and acts at right angles to the iiacj teadirig to puli the 
surface apart along the line. The dimensions of the surface 
tension (force/length) are MT'^u It is expressed in dynes per' 
centimeter. 


The formation of drops depends upon tlie surface tension of 
the liquid. All liquids would not give the same nurnlier of drops 
from the same volume of iiquidj if allowed to fail from the same 
surface. If the densities of the two liquids be and and 
their surface tensions be yi and y 2 > the number of drops and 
/Xgs dropping from the same dropping tube and employing the 
same volume of the two liquids is represented by the following 
equation : — 


rt 


* 


are 


The apparatus used for the determination of surface 
tension by the drop method is known as sialagmometer 
(Traube’s) , It consists of a dropping tube with a capillary > 
the end of which is flattened out in order to give a 
larger dropping surface, and the surface is then carefully 
ground flat and polished (Fig. 19. The capillary is 
sealed on to a tube of wider bore on which a bulb is 
blown, and on the stem of the tube two marks 
etched, one above and one below the bulb. 

Care must be taken to ensure that the dropping 
surface is perfectly free from greasiness. 

Expeximent 9 — 'To determine the surface tension of 
benzene. ^ Glean stalagmometer with chromic acid, and 
finally with water, and suck in distilled water beyond 
the upper mark. Allow water to drop, and begin 
counting the number of drops when the water level 
reaches the upper mark on the stem. The counting is 
finished when the liquid reaches lower mark. An 
accuracy up to half-a-drop is sufficient. The rate of 
dropping in these experiments should not be more 
then 20 drops a minute. This gives the ^drop number^ 
of water. 

pry out stalagmometer, and determine the drop 
nimibers for benzene in exactly the same way. Deter- 
mine the densities and calculate the surface tension of 
benzene by the formula given above. 



u 


iJL 

Fig. 19 
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Liquid ' 

: „ Temperature "■ 

Surface tension 
Dyne/cm. 

, , Water ' , i 

20=‘: " 

72-6 


30’ 

71-1 

Ethyl alcohol 

i 2u“ 

22-03 


1 40’ 

20-2 

Ether 

1 20’ 

16-5 

Benzene 

1 20’ 

29-2 


Expression for the drop weight The equation given above 

for the surface tension can easily be derived from theoretical con- 
sideratio^is: A drop just held at a surface or just dropped from 
the surface balances two forces : [i) the gravity force exerted on 

the drop given by vj.g where v is the volume of the drop, d its 
density and g gravity, and (ii) the force tending to uphold the 
drop, given by 23Tr7, where 27rr is the circumference of the circular 
surface of radius r and y is the surface tension (the force per unit, 
length). The two forces are balanced when 

27rry = z;.i.g* 

lUs, however, more convenient to measure the number of 
drops in a volume V for the two liquids than to find the weight 
of each drop, if the number of drops be in a volume Fof the 
liquid of density, the weight of oach drop is Vd[n. 

While comparing the two liquids of densities and having 
the same volume and the number of drops n-i and in the 
same volumes, we get : 

2frry^^Vd^glni 
and 27rryg=:= Vd%gln^^ 

From this 

Ji ^ 

VI# Refractive Index 

When a ray of monochromatic .light passes from one trans- 
parent medium into another of different optical density, it is 
refracted except when it enters perpendicularly to the surface of 
contact between the two media. The angle between the ray 
in the first medium and a perpendicular to the dividing surface is 
known as the angle of incidence^ x, and the corresponding angle in 
the second medium the angle of refraction^ r. The sin i and sin r 
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are directly proportional to the ■velocities -of light' ia^:the;two, mcdiaj 
ThevvatiO' sin' ilsinr is teraed ' thC' index ''''qf' refractim'&r refmtm 

index^ Le. 

'whe^re,, "an'd 'are': the, velocities of light m''the:"two;'media',:' 
Since the ratios of these velocities, in air' and in , .water is 4/3, the,: 
index of refraction of water with respect to air is refraction of water 
with respect to air is also 4/3, ue,, 1*333. 


When the incident angle is increased, the angle of refraction r 
is also increased, and attains its maximum value when the ray of 
incidence enters horizontally at 90® (known as grazing incidence ) . 
Since sin 90®==!, sinr^=l//jt. At this angle r^, the ray passing 
from the denser medium to the lighter would emerge parallel to 
the dividing surface; if the angle is greater than total reflection 
would take place. The angle is known as the critecal angle, at 
which the ray emerging out of the denser medium to the lighter 
is parallel to the dividing surface. The critical ray furnishes the 
basis of observation of the refractive end point used in many 
refractometers. 

Ahhe^s ref Tactometer — It is largely used for determining refractive 
indices since it is simple, easy to manipulate and since it needs 
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only a small am3uat of the liquid for exparimeut. For measuring 
refractive indices with this instrument/ only a few drops/ 
sufficient to form a film, are placed between the prisms of the 
instrument* , 

The refractometer consists of four essential parts: (i) a 
telescope E provided with an objective, an eye-piece and a 
cross-hair disc. The purpose of the telescope is to form an image 
of the border line of total reflection at the intersection of the 
cross-hairs where the image may be observed. {H) Two similar 
glass prisms (Abbe prisms) of high refractive index cemented 
into hollow, water jacketed, mounting cases so constructed 
. that when temperature control is required, water may be circulated 
about the prisms. The exposed surfaces of the upper prism B are 
highly polished, while the hypotenuse surfaces of the lower prism 
A which serves solely for the purpose of illumination, is finely 

! ground. The lower prism mount is hinged to the upper prism 
mount and the latter is rigidly attached to the index arm or 
alidade. When the two prisms are clamped together, a space of 
t about 0*1 —0’ 15 mm. separates their surfaces* (m) The sector 

i? is a metal arm to which the telescope is rigidly attached. 

I One end of the sector is attached to the upright of tlxe base in 

j such a manner that the whole sector can be rotated about an axis, 

I which coincides with the axis of rotation of the Abba prism so 

/ that various conditions of illumination can be accommodated. On 

^ the upper end of the sector, a scale G is mounted which is 

J graduated directly in terms of refractive index of the D line 

j (sodium light) at 20^C. An alidade or movable arm J rests 

I against the sector, but it can be rotated as a unit with the 

j Abbe prism independently of the sector. The upper end of the 

i alidade bears an idex mark which moves along the edge of the 

i sector scale when the arm is rotated. Sometimes a magnifier F is 
' attached to the alidade to facilitate the reading of the index 
scale. A screw Mis used to make fine adjustment of the border 
line at the cross-hairs. 


f 


{iv) Compensating prisms are used to correct for the dispersion 
of light. Thus when white light is used in the place of sodiiun 
light the beam is split up into coloured beams, since short wave 
lengths of light are refracted to greater extent than are long 
wave lengths. Unless this dispersion is compensated for in some 
way, the border becomes a broad, vai-i-coloured band which cannot 
be brought into accurate coincidence with the cross-hairs of the 
telescope. The compensator functions to bring the various wave 
lengths of light together again. It is placed between the upper 
prism and the eyepiece and is rotated by means of the milled 
head D. 

19 
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Espeirimenit ilO — To. determine the refractwe index of a gmn 

liquid. 

" Test' the correctness 'of the Abbe’s refractometer readings by a 
test plate, the refractive index of which is known and is etched on 
the plate. In the 'absence of a test plate, a liquid of known 
refractve ' index ■' may - be taken and the instriimcrit standardised 

with it. 

Glean the .upper ' prism . of the rcfractornctcr with cotton 
saturated with alcohol, clamp the prisms together loosely, introduce 
2 or 3 drops of the given liquid into the groove at the side - 
of the prisms and clamp, the prisms together iirmly. Adjust the " 
mirror /r so that- the light, is reflected upon the lower prism, and 
rotate the alidade until the border line between the liglit and the 
dark halves of the field of view exactly coincides with the cross- 
hairs of the telescope rotating, the compensator piisms to obtain a 
sharp uncoloured border line if necessary. Read the refractive 
index of the liquid directly from the graduated sector scale to the 
fourth decimal place.:;., '.Move the alidade and again determine the 
refractive index ' un tlT three readings are obtained. Take the 
mean of these readings. 

The refractive index is expressed as 1*4733, indicating 

that the refractive index has been determined at temperature 25® 
for theD line (sodium light). 

■ Vn.- Folariiaeter and Specific Rotation 

The instruments used to measure the optical activity of 
liquid substances are called polariscopes or polariinetcrs and 
saccharimeters. Polarimeters permit the angle of rotation to be 
read off in degrees or fractions of a degree on a circle, while 
saccharimeters are usually constructed and set to give readings 
directly in terms of percentage of sugar. Usually hair-shadow 
instruments known at Duboscq, Laurent and the Schmidt and 
Hansch polarimeters are used for experimental work. 

The optical parts of the polarimeter are shown in the figure 
21. Monochromatic light (usually sodium) from the source L 

:i.a R), si°: gr=5=<i :icisi° .o: #u 



rig 21 

passes though the lens A, which renders the rays of light ‘ 
parallel, and then passes throtigh the polariziiig prism B, which 
renders the light ray plane-polarized. It then passes through 
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the observation tube O, which contains the substance being 
examined and thence through the analyzer prism D. The 
field of view is observed through the telescope FE, 
The circular opening of the tube carrying the polarizer is 
one-half covered with a thin quartz plate as illustrated 


Fig, 22 

in G' the thickness of which is so adjusted that the 
ligb-t in passing through the plate is altered in phase by 
half-a-wave-length but remains plane-polarized. In 
this way two beams of polarized light are produced. 
If the polarizer is rotated so that the plane of polarization 
forms an angle X with the quartz plate, the planes of 
polarization will also be inclined at an angle 2X. 
This is termed the half-shadow angle. On rotating the ana- 
lyzer, a position will be found at which one beam of light 
Will be completely, and the other only partly, extinguished* 
One-half of the fieii of view will then appear dark while 
the other half will remain light. Upon rotating the 
analyzer farther through angle 2X, a second position will 
be found at which the second beam of light will be extin- 
guished while the first beam becomes visible* At this 
position of the analyzer that half of the field which formerly 
appeared dark will be light and formerly light will be dark. 


292 


AmLTriCAL CHEMISTRY 


When the analyzer occupies an intermediate position, afield of view 
of tmiform brightness will appear, and this is the 
position at which the analyzer should be set. 

complete polarlmetcr is shown in 
| M figure 22. At the end which is directed 

I ^ towards the source of illumination, is the 

I IS lens. The polarizing prism is at P, and it 

I is connected with a lever by means of which 

it can be rotated to alter the angle of half- 
QJJMi shadow. The observation tube is placed in 
ll the centra! part of the instrument and pro- 
■ 11 tected from extraneous light by a hinged 

11 cover. The analyzer is placed at A and it 

II can be rotated independently of the gradu- 

aiuirTmiO ^ circle by means of a screw. This per- 

mits the correction of the instrument. F is 
a telescope with the eyepiece by means of 
which the field of view is observed, 1" is a 

Jf 1 ^^ graduated disc which can be ,made to rotate 

p with the analyzer and telescope past the 

i fixed verniers on the gi'aduated circle, 

I The observation tube, ^(Fig 23) in which 

the liquid to be examined is placed, mually 
I consists of a tube of thick glass with accu- 

I rate ground ends, closed by circular glass 

plates with parallel sides which are pressed 
against the ends of the tube by means of 
j screw caps. Other polarimeter tubes are cons- 

* tructed woth a jacket through which water may 

be circulated to give constant temperature, 
j Since the unit of length in polarimetric 

rr, measui'ements is 1 dem,, the observation tubes 

. are usually of 1 dcm. length, or some multiple 

or some fraction of it. 

Fig. 23 

Expetiment 11— To determine the specific rotation of sucrose. 
Adjust and determine the zero point of the polarimeter. 
Set up the polarimeter so that the polarizer end is in direct 
line with the bright sodium flame and about 4 to 6 inches from 
it. Place 10 cm. observation tube filled with distilled water 
in the tube-holder between the polarizer and the analyzer and 
focus the. telescope eyepiece in the line bisecting the field of 
view, rotating the analyzer if necessary in order to obtain 
unequal illumination of the two halves of the field. Now 
determine the zero ^ point by rotating the analyzer until equal 
illumination of the two halves of the field is obtained. The 
position should be approached several times from either side of the 
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zero point and the mean taken. Since the zero point is altered by 
alteration of the angle of half-shadow, the lever which rotates the 
polarizer must be set before the zero point is determined. 

Prepare a 25 per cent, solution of sugar (25 g. accurately 
weighed and raised to 100 ml. in a graduated flask). Rinse 
the observation tube with this solution and then fill it up with 
the sucrose solution. Determine the value of the angle of rotation. 

From this angle of rotation and from the strength of the 
sucrose solution, calculate the specific rotation. 

The specific rotation is defined as the angle of rotation 
in degrees through_ which the plane of polarization of 
monochromatic (D) light is rotated by passage through a liquid 
containing 1 gram of the active substance in a volume of 1 ml. 
determined in a tube having a length of 1 decimeter. 

The specific rotatory power is calculated by the following 
expressions : 

FotUqmds: [•](,- 


For solution 


w 


100a 100a 

ipd • 

a=observed rotation in degrees at the temperature t and using 
sodium light (D), 

/= length of the tube in decimeters. 

if=the specific gravity of the liquid or solution at 

^=:the concentration of solution expressed as the number 
of grams of active substance in 100^. of solution. 

concentration of solution expressed as the number of grams of 
active substance in 100 ml. of solution. 

If the substance is dextro, the plus (+) sign and if the substanceis 

laevo, theminus(-“) sign must be shown before the specific rotation. 


Substance 

Solution 

Concen- 
tration in 
100 ml. 

Specific rotation 
at 25^ for D 
light 

Camphor j natural ... 

Alcohol 

10 g. 

-f41 to +4:2° 

Dextrose 

: Water 

lOg. 

-f-52'5 to +53° 

Lactose 

Water ! 

10 g, 

+52*2 to +52-5“ 

Ephedrine sulphate... 

Water 

5g. i 

-29*5 to -32“ 

Chaulmoogra oil- . . . 

Chloro- 

form 

10 g. 

+48 to +60“ 
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vm* Dmiboscq Colorimeter 



. ' The essential parts of the iastru- 
ment' .consist of 'plungers, cups, a 
reflecting mirror, a,- compound prism, 
an observation microscope and ad- 
justments*,'; Two prisms of optical 
glass, hexagonal in form, matched 
for colour and with optically plane 
and parallel ends are attached to the 
frame of the instrument by threaded 
metal adapters* Two detacluible 
cups in which the liquids under 
examination are placed are threaded 
on movable stages beneath the plun- 
gers. These cups are made of glass 
fitted into metal casings and have 
bottoms made of optically inactive 
glass discs. An adjustable mirror 
with two reflecting surfaces is so 
placed that light can be reflected 
through the cups. A compound 
prism is built above the plunders in 
adust-proofhousing in such a manner 
as to biing the light beams through 
each cup to a common axis, light 
from one cup illuminating one-half 
of a circular field and light from the 
Other cup illuminating the other half, 
by which the observer views both fields of illumination with one 
eye is focussed on the two fields. Adjustments are provided where- 
by^ the cups may be raised or lowered, the level of each ]‘cup 
being shown on a scale and vernier* 

Adjust the colorimeter, place it before an ample source of 
light (say sunlight) , and rebate the mirror so that the two halves 
of the field are of the same colour and equal brightness. Fill 
one of the cups about one-half full with the known solution and 
the other cup about one-half full with the unknown. Replace the 
cups in the instrument and raise them until the plxmgers come 
in contact with bases. Adjust the liquid depth in the cup con- 
taining the known solution to any convenient level preferably to 
^ exact number of millimeters. Raise or- lower the cup contain- 
ing the unknown liquid until both the halves of the field are of 
the same colour and intensity. Take a few independent readings 
with the cupsL at different levels. 

If Gx and Dx are the respective concentration and depth of 
the known solution, and Cg and Dg the corresponding for the 
^tmknowti, then 

■ ■* - - ■ Gx X Gg X 1^2 


Fig, 24 
An observation microscope, 



HEAT OF " NEXJTRALISATXOK- 


and thereBrCj the concentration of the unknown solutio3 
given by: 

^ QxD, 


IX* Heat'of NeutraMsation of Acids and Bases. 

On the basis of the ionic theory, the process of neutralisation 
of hydrochloric acid by caustic soda is represented by the equa- 
tion: 

Na++0H-+H++Cl-==Na++Ch+H20* 

I'hus this process consists of merely the combination of hy- 
drogen ions with hydroxyl ions to form undissociated water. 
Therefore, in the case of strong acids and strong bases at fairly 
low dilution, we find the heat of neutralisation to be the same 
for all acids and bases, 13*7 Calories (or 1 3,700 calories). 

The principle on which the determination of heat of neut- 
ralisation is based is the same as applied in ordinary calorimetric 
experiments. A thermos flask may be used as a calorimeter; or 
it may consist of two beakers one fitting inside the other. The 
inner beaker is suspended in the outer one by means of an alumi- 
nium wire and leaves an air gap between the two. The water 
equivalent to the inner beaker (which, in fact, acts as a calori- 
meter) is determined in the usual way (by adding a known 
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Prepare 250 ml. of .JV* NaOH solution and place it in the 
calorimeter. Also prepare 250' ml. ofMHCl f if the prepared HGl 
is of some other strength, find, outfits volume corresf)onding to 
250 ml. of jV‘NaOH). Note down the initial temperature of 
NaOH and HCl solutions. It is preferred ifbotfi of them are at 
the same temperature, otherwise the mean of the two temperatures 
may be taken as the initial temperatiuc. Add tlie HCl solution 
to the NaOH solution in the calorimeter. ^lix well and quickly 
note the maximum temperature reached. Kecord the readings as 
follows and calculate the heat of neutralisation. 


Volume of the acid, ...ri xnL 

Volume of the alkali.,... eu ml. 


If their specific heats be taken to be unity and densities also unity 
(the same as of water), their masses will correspond to and g* 

Initial mean temperature of acid and alkali...... 4®. 


Final temperature. J , 

Rise in the temperature 

Water equivalent to calorimeter,..., W. 


Hence heat produced during neutralisation 
= (z^i+y 2 +W) calories. 

So much heat is produced when Vi ml. of A* HGl f equivalent 
to ^2 ml. of NaOH) have been neutralised. From this find out 
the heat produced when 1,000 mi. of W HCl woidd have been 
neutralised. 

Heat of neutralisation is thus - {L—ti) 

■■ 

Sometimes the values are expressed in 'terms of 
Calories, or a kilogram calorie— 1,000 calorics. 

X. Velocity of Clieisiical Reactions* 

The velocity of a chemical reaction is given by the following 
equation: 

dxldt=^k{a — x) {b — x) {c — x)... 

where x represents the amount in gram-molecule of the substances 
changed in time and a, i, c, • represent the initial concentration 
, (in gram-molecules per Iktd} of the interacting substances#, 
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In cases, where only one molecular species undergoes change, 
that is the reaction is unimolecular, the velocity simplifies to the 
following : — > 

On integration, 

, 1 , a 2-303|., , / NT 

t =-7“[logio <3!-'logio ‘A;)] . 

E%perimeiit 13 — To determine the velocity constant of inversion 
of cane sugar by MI2 hydrochloric acid. 

Dissolve 20 grams of sugar in water and raise to 100 ml. in 
a standard flask. Add to 50 ml. of this solution 50 mi. of JV 
HCI. Mix the two quickly and note the time and also the 
temperature (place the reaction flask in a bath maintained at a 
constant temperature, say 25°). 

Just at the start of the reaction, withdraw 10 ml. of the reaction 
mixture. Boil this solution for 5 minutes, cool and then add 
about 10 ml. of JVNaOH and raise the volume to 100 ml. in a 
flask. Fill up the sugar solution in a burette. Take 10 ml. of 
the Fehling’s solution, boil it in a beaker, and, while hot, titrate 
it against the sugar solution taken in a burette. (At the end 
point, the blue colour of the Fehling’s solution just discharges.) 
This corresponds to the totally inverted sugar in 10 ml. of the 
reaction mixture. 


Withdraw 10 ml. more of the reacting solution and 16 ml. 
of JV* JVaOH and raise to 100 ml. in a flask. Again titrate with 
the solution 10 ml. of the same Fehling’s solution in exactly the 
same way and under similar conditions of boiling etc. 

Again withdraw 10 ml. of the reacting solution at the intervals 
of 60, 90, 120 minutes. Proceed with the titration in the same way. 
i ml. of Fehling’s solution— 0*00475 g. of cane sugar. 

Total sugar taken g. 

Tabulate the results as follows : — ' 


Time in 
minutes 

Quantity 
of inverted 
sugar- 
-C 

Sugar not 
inverted 
a — 'X 

log 

al{a — x) 

■ ^ 2*3. a 

K=— log 

i ° a — X 
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Mok-^The chemical. ■ reaction during inversion is one of 
''hydrolysis: ^ 

.cane sugar glucose fructose* 

The cane sugar ■ solution is dextro-rotatory, the invert sugar- 
{Le.y the mixture -of -glucose and fructose obtained after hydrolysis) 
is. .iaevo-rotatory, bec.ause .fructose is more laevo than glucose is- 
dextro. 'lliis change in the direction of rotation has given the 
term ^nversion.^ The reaction can be best studied with a 
polarimeter. 

Experimemt 14- — To determine the velocity constant of the 
hydrolysis of methyl acetate ct25‘^ in presence of 0*5 hydrochloric acid. 

Prepare a standard solution of alkali, NaOH or baryta (about 
JV/20,) (standardise it against a solution JV720 oxalic acid, using 
phenolphthalein as indicator). Also prepare a 0*5 jV hydrochloric 
acid (this can be standardised against the standard alkali solution). 
Take 100 mL of 0*5 N HCI in a conical flask and allow it to attain 
a constant temperature in a thermostat or bath maintained at 
25®, Also place in the same bath a small bottle containing 
methyl acetate. 

When the liquids have attained the temperature of the bathy 
pipette out 5 ml. of methyl acetate, and introduce it into the 
conical flask containing 100 ml of 0.5 N HCL Shake the contents 
well and immediately withdraw 5 ml the solution, and introduce 
it in 25 ml of ice cold water in order to arrest the reaction; start 
the stop watch. Now quickly titrate out the acid with the stan- 
dard JV'/20 alkali solution. This is the zero reading {a^ of the 
reaction. 

After 10 minutes, again withdraw 5 ml of the reaction mixture^ 
and introduce it in ice cold water as before and titrate out the 
acid. Take similar readings at other intervals of time, say 20, 30 
40, 60, 1 20 minutes. 

For the final reading, keep the reaction mixture standing for 
48 hours (or heat the mixture to boiling for 5 minutes) and 
titrate 5 ml. of it against the alkali. This final reading is 

The concentration of methyl acetate (in terms 
of the fi.nal titre value). 

The initial concentration of methyl acetate is proportional to ■ 
aj, where is the final titration (HCi+acetic acid) and 

is the initial titmtian (HGl alone). The concentotion of methyl 
acetate at time t is where is the titre reading at the 

. 


COLLOIDS 


299 




'm 


Time 

(mins.)' 

Titration'" 

' ' value ' ' 

Quantity 

hydrolysed 

X 

Quantity 
unhydro- 1 
lysed 
a—x 

1 

a^' 



10 

ai ■■ 

di — a.^ 

^CO ^ 

20 

^2 


a 

1 

8 

30 



ft 

8 

1 

60 

, . 



120 


' 

i ... 

!■ 

00 


II 

o 

1 

8 

0 


log aja- 


k=^z 


2*3 


log 




Plot a graph of the concentration of methyl acetate 
against timcj and also of logarithm of the concentration of methyl 
acetate against time. Calculate also the value of k (time in 
minutes). 

XI. Preparation of Colloids 

(i) Ferric hydroxide soL — To a half-saturated freshly prepared 
solution of ferric chloride, add slowly, drop by drop, and with 
continuous stirring, an approximately 2N ammonium carbonate. 
Solution till the precipitate formed just ceases to be dissolved. 
Filter the solution, and dialyse in a bag of parchment paper, till 
free from chloride ions. 

Alternate method — ^Add gradually to 200 ml, of boiling water 
25 ml. of 1—2 per cent solution of ferric chloride. Reddish- 
brown soL is at once obtained. Dialyse it as before. 

For dialysiS’—^^t. a square piece of parchment paper, 12" size; 
wash it with distilled water. The dried parchment gives cracks on 
folding, and therefore, soaking it with water is essential. Fold it 
round some flask and shape it into a bag, and tie it up with a thread. 
Place the so! in the bag, and suspend the bag with contents in a 
dish containing distilled water. The levels inside the bag and of 
water in the dish are kept the same. Change water of the dish 
twice a day in the beginning, and then once every day till the 
sol is free ■ from unnecessary ions. 
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(ii) Atsenious Sulphide solulim — ^Boii about i g. of arsenious oxide 
with haif-a-Htre of distilled water uutil sufficiently dissolved. 
Cool the solution and filter. Pass tlj rough it a current of 
hydrogen sulphide (which has been washed by bubbling it through 
water) until it is saturated with the gas. 

Remove the excess of hydrogen sulphide by bubbling through 
the sol a slow current of hydrogen gas. Filter tlic sol and dialyse 
if further purification be necessary. 

{ill) Manganese dioxide sol — ^l^ake oOO ml of vV/6D KMnO^ 
solution in a beaker. Prepare a solution of the cc|uivalent strength 
of manganous sulphate (dissolve (1428 g. of anhydrous manganous 
sulphate in 500 ml, of water) in another beaker. Add 6 ml of 
5% solution of gelatin to each of the two solutions. Pour into 
large flask both the solutions simultaneously in thin streams. A 
reddish-brown sol is obtained, which is dialysed. 

Alternate metkod--^To 500 mL of A7fi0 KMri 04 solution, add 
a dilute solution of hydrogen peroxide. The reduction is 
immediate and a reddish-brown sol is obtained, which is purified 

by dialysis till free from alkali, 

(iv) Antimony sulphide soL — Prepare a 0*5% solution of potas- 
sium antimony tartrate and fill it up in a burette. In a large 
beaker, take a saturated solution of hydrogen sulphide, and 
also keep a current of the gas bubbling. From the burette, 
drop slowly the solution of potassium antimony tartrate. An 
orange-red sol is obtained. Free it from hydrogen sulphide by 
passing a current of hydrogen as in the case of arsenious sulphide. 

(y) Colloidal sulphur — ^Take 80 ml of 3.V sodium thiosulphate 
solution, interacts with 10 ml of concentrated sulphuric acid. 
The colloidal sulphur is obtained. It is precipitated from the 
solution by addition of sodium chloride and centrifuging. But 
the precipitate redissolves on addition of water. 

Alternate metkod—Dissolvt rhombic sulphur in alcohol (it is 
slightly soluble) and pour it in a large amount of water. A milky 
solution of sulphur is obtained. Plastic sulphur may be similarly 
dissolved in alcohol and poured in water to give the sulphur soL 

Eaqperittent 15-^Determme ike precipitation mlms of MaCl^ 
BaCl^ and AlCl^ for ursmhus sulphide soL Prepare the solution as 
described above. Prepare 0*2 M solution of JV'aGHll* 7 g, per 
litre), O'OOlAf BaGljij, 2HgtO (0*2443 g. per Eire) and 0*001 M 
Aids, (0*1336 g. per litre). 

„ /.First determine the ■ coagulating concentrations with NaCl 
and then with other ;electrolytes. im approximate value of the 
coagulating concentration may be obtained by running soltx-^ 
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tions of the electrolytes from a burette iuto a given volhme, say 
5 ml. of the solution. 

Arrange two rows of test tubes, dry and clean, one behind 
the other in the test-tube stand. In the front row, take 5 ml, 
of the solution in each test-tube* In the back row, take I, 2, 3, 4 
and 5 ml. of NaCl solution; add to these solutions 4, 3,2, 1 
and 0 ml. of water respectively, thus bringing the total volume in 
each case to 5 ml. Now mix each of the test-tube contents with 
the corrresponding arsenious sulphide sol, and allow the sols to 
stand for 30 minutes. Ascertain in which case the coagulation 
has occurred after this period. Say, the value lies between 3 
and 4 ml. 

Arrange again another set similarly, and narrow down the 
limit of accuracy to 0*1 ml. 

Proceed similarly with other electrolytes; Allow the same 
time for coagulation. 

If the strength of the electrolyte he pc M and if the quantity 
required to coagulate a given solution in a particular time be v mi, 
when the total volume kept constant is 10 ml., the coagulating 
concentration is 

V, 1000 millimoles per litre. 

10 

The reciprocals of these values represent the coagulating 
powers of the ions concerned, i. ^,,Na+, Ba^”^, and Ai+‘^+. 

Xn. Adsorption 

When two phases, separated by a boundary, are brought 
into contact, there is usually a tendency of the change in 
concentration (usually an increase) in the neighbourhood. 
This fact is more marked when one of the phases is solid. 
This process of alteration of concentration is known as adsorption. 

^ When charcoal is shaken^ with a solution of oxalic or acetic 
acid, it is found that t!ie amount of the acid adsorbed at a given 
temperature is given by the equation: 



m 

Where xjm is t!ic amount adsorbed per unit weight of char- 
coal _ {x is the amount of acid adsorbed by^ m g. of charcoal), 
Cis ’ the equilibrium concentration, and ^ 'and the constants. 
This ec|Uiitioii is known as Fmmdlick^s isotherm. . - ’ ■ 
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Ejqperiment 15 — To , mrifp the ImmMcKs isotherm for 
charcoal adsorption, of ions , — ^Prepare 10 acetic or oxalic acid 
solution and take into 5 numbered conical flasks (i) 50 ml. acid, 
{ii) 40 mb acid, 10 ml. distilled water, {iii) 30 ml. acid, 20 ml. 
water, (&) 20 ml. acid, 30 ml. water and (») 10 mL acid, 40 ml. 
water. Mix the solutions well. 

To each of the flasks, add 2 g. of powdered charcoal and 
shake up the flask. Allow them to stand for 30 minutes. Shake 
up the contents from time to time. Filter the solutions through 
small filter papers, and titrate the filtrates witli AV 20 NaOlI (for 
each titration, take 10 ml. of the filtrate). The initial acid 
concentration may also be represented in terms of .;¥/2() NaOH 
values. Tabulate the results as given Ijclow and draw* a graph 
of xjm against G. Find out the values of the constants a and n 
from the graph. 


Temperature— 


Flask 



Initial- [ Final 

Amount 

i ■■ '..I'. 

‘ Mass of ! 

No. 

Contents 

concen. ; concen. 

adsorbed 

' charcoal! I/m 




G' ! C' i 

i 

x=C'-C ' 

' m ' 


ml. 

ml. 

■ ' ■ ! ■ ■ 1 


1 1 

'1 ' ■ 


water 

acid 

-j ' I 



1. 

1 50 

0 

' ■ 


i 

2. 

j 40 

10 

[■ 

i ’ 


3. 

30 

20 


[ ■ 



4. 

20 

30 





5. 

10 

40 



' i 



XXH* Partitiem Coefficieiit 

When a substance is shaken with two solvents not miscible 
with each other, it gets distributed between them in a definite 
manner. In case the solute has the same molecular weight 
in each of the solvents, the distribution depends on the solubility 
of the substance in each of the solvents separately. If the salute 
be molecularly dispersed in both the solvents, and its concentra- 
tions be Cl and C 2 in the two solvents, then for a given temperature, 

Cl /Ga— constant. ^ 

This ratio is known as the distribution or the partition co- 
efficienL 


PARTITION coefficient 
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Bacperiment 16 — Yo determine the coefficient of distribution of 
iodine between carbon tetrachloride a^d water — Prepare a saturated 
solution of iodine in carbon tetrachloride at the ordinary tempe- 
rature, Take three giass-stoppered bottles. In them, have 30, 
40 and 50 ml of this iodine solution, and add respectively 20, 
10 and 0 ml of carbon tetrachloride (to make the total volume 
50 ml), pd now add to each bottle 50 ml. of water. Shake the 
bottles vigorously for about an hour. Place in a bath maintain- 
ed at a constant temperature. When the equilibrium has been 
attained, and the layers completely separated, pipette out a given 
volume (5 or 10 ml) of the solution once from the non-aqueous 
layer and then once from the aqueous layer, and determine the 
concentration of iodine in each of these solutions by titrating 
them ^ against a standard jV/20 or W/lOO hypo solution. A small 
quantity of potassium iodide is added to the carbon tetrachloride 
solution in order to ensure complete extraction of iodine. 

Cone, of iodine in 10 ml of carbon 

Partition coemcient=,v tetrachloride layCT 

Lionc. oi iodine in 10 ml. of aqueous 
layer. 

Experiment. VJ—Determine the partition co-ejfwient of succinic 
acid between ether and water. Prepare a strong solution of” succinic 
acid in water, fake 30, 40 and 50 liil. of this solution in 


Iodine between CS^ and 
water (18°). 

(Iodine cone, in g. /litre). 
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Succinic acid between ether 


and water (18"). 


(Acid 

'coiic* m 

g«/litre) 

:Cx; 

G, 

Cx/C, 

1-3 

7-0 

0-912 

4-1 

23-6 

0-175 

6-1 

36-5 

0-167 


Benzoic acid between benzene 
and water (20°). 


(Acid cone, in g./iitre) 


Gx 

; : Gg;, ■ 

: Gi/Cj 

24-9 

1-50 

32-8 

41-2 

1-95 

32-9 

97-0 

2-19 

34-1 


j\[oU — Since benzoic 
molecules (CsHbGOOH) 
VCi/Csj is constant, and 


acid exists for the most part as associated 
8 in the benzene solution, the ratio 
not the ratio Gi/Cj. 




APPENDIX 

Siimple Ittorganic Preparations 
Cuprous Chloride^ Cu^CL^^ 




Proccss—Trc^t 10 g. of crystallised copper sulphate^ 
CuSO^, 5H2O, and 5 g. of NaGi (or 7 g. of cupric . chloride 
alone) in a "small flask with 3 g. of cone, hydrochloric acid 
and 4 g. of copper turnings. Heat over a water bath for about 
an hour. The green colour should have disappeared by this time* 
Pour the clean solution, into 200 mi. of water containing a little 
sulphurous acid (SOg in water); Cuprous chloride will be 
throwri down as a white precipitate. Wash the precipitate by 
decantation with water containinga little sulphurous acid. Finally 
wash with alcohol and ether. Dry it in an air oven. 

Rmetion — 

CiiSO, d- 2HCfl--h Cu=-HgS04 + CugCla I 

■ Yield — -4 g. ■ ■ 

Sodimi Thiosulphate^ NaaSgOg.SHgO. 

/idd 4 g. of finely powdered roil sulphur (not 
flowers) to a solution of 32 g. of crystallised sodium sulphite," 
Nho \ in 60 ml, of water, and boil the mixture in a 

flask fl>r aboiU* 2 hom’S. By this time, all sulphur should have 
gone into the ?joliitioi^. Evapoi^ate the solution till the point of 
crystaJIisrition. 

XiuSO, : Sv^.Xa^S/:)3 
YLid--^ 2 l' "ipiriiititative). 

Chrome Alum 

K0SO4. €^ 2 ( 804 ) 3 . 24H3‘"') 

I0 g. of potassium dichromate in a dish ; 

co\’i!r wltJi 'PJ, , water.. Add', 8 --ml... ..of .conc,,„. sulphuric. 

acid, stir til! 4JI the dichromate is dissolved _ (enough heat is 
^ evolved by dissolviiig the salt). If necessary, heat for a .few 
minute to a clear "’solution. Cool .the solution 40 . 40 °.': Drop 
by drop, add ctiiyl alcohol to the solution 'with - constant stirring. 

2 d ^ ' iili;;:: 
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The temperature would rise and hence cool in cold water bath, 
preferably ice. About 6’5 ml. of alcohol should thus be added 
(temperature should not be allowd to go beyond 50°; if necessary, 
drop a piece of ice in the mixture) . Cool now the solution in an 
ice bath. Allow the contents to stand over night. Collect the 
crystals so formed. Recrystallisc them from hot water and re- 
cooling (for good crystallisation add 10-12 nuclei of small crystals). 
Dry the crystals between the folds of a filter paper. 

Reaction — . 

KjCraO, -f- 4HgS04 = KjjS04-f Crj (SO^),^ 4 4440 ■ i 30 
C-,H 50 H+ 0 =CH 3 GH 04 Hs 0 

KsS04+Cr2(S04)3-i-24H20=K3S04 . CrsCSO^i^ . 24H80 

Ferrous Sulphate from Kipps apparatus 

FeSOiJHaO 

Take 25 ml. of the Kipps apparatus solution (obtained by 
reacting FeSg with dil. H2SO4}. Add some more of iron powder to 
the solution, till most of the sulphuric acid is consumed. Now 
allow the liquor to dry up (concentrate if necessary by heating 
gently) ; and collect the crop of crystals. Dry them in the folds of 
a filter paper. 

Ferrous Ammonium Sulphate 

FeSOi, (NH4)aS04. 6H2O 

Procedure — ^Dissolve OT mol. of FeSO^, 1' ferrous sulphate 
crystals, mol. wt. 278), and 0-1 mol. of ammonium sulphate (mol. 
wt. 132); i.e. 28 g. of ferrous sulphate and 13-2 g. of 
ammonium sulphate in 40 ml. of hot water containing a little 
(2 ml.) of dilute sulphuric acid. Cool slowly. When the solutionis 
cold, the crystals would gradually appear. Separate the crystals on 
a Buchner funnel and dry them on a filter paper. 

rieW— 35-39 g. 

Potash Alum 

K2S04.A12 (804)3. 24H2O 

Process from abmite—^Alunite is KgSO*. Alg (804)3. 4A1 (OH)3. 
The alunite or alum stone (10 g.) is calcined” i.e. heated 'dry in 
a dish for a long time. The calcined mass is cooled, (powdered 
if necessary) and treated with sulphuric acid (3 ml. cone.) and 
20 ml. of water, and 5 g. of potassium sulphate extra added. The 
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a* 


4 ‘ 


solution IS heated, and then allowed to cool down slowly. The 
crystals are collected and dried in the folds of a filter pa^. 

Reaction 

KaSO,. Ala ( 804 ) 3 . 4A1 (0H)3+6H2S04 

=K 2 S 04+3 AI2 (804)3+ I2H3O 

(u) Process_ from potassium sulphate and aluminium sulphate.— 
fit (10 g.), prepare aluminium hydroxide 

^ f f cess of dilute sulphuric acid. Add potassium 
tSf aS cool the solu- 

dryin the "’““I* “d 


CHEMICAL CONSTANTS 

Atomic Weights, 


Alunxinium 26*97 
Antimony 121*76 
Arsenic .74*91 
Barium 137*36 
Boron 10*82 

Bromine 79*92 
Calcium 40*08 
Carbon 12*01 
Chlorine 35*46 
Chromium 52*01 
Copper 63*54 


Fluorine 

Hydrogen 

Iodine 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Molybdenum 

Nickel 

Nitrogen 


9*00 

1*0078 

126*92 

55*84 

207*21 

24*32 

54*93 

200*61 

96*0 

58*69 

14*008 


Oxygen 

Phosphorus 

Platinum 

Potassium 

Silicon 

Silver 

Sodium 

Sulphur 

Tin 

Zinc 


16*00 

31*02 

195*09 

39*096 

28*09 

107*88 

22*997 

32*06 

118*70 

65*38 
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. Molemkr Weights md ihe Weights: qf Me M^dkals^ 


.Radicals " , Mol, 

weight 

AgV; 

107.88 

AgBr 

187.80 

AgCl 

143.34 

Agi'- ' 

234.80 

AgNO^ _ , 

169.89 

A 1 

26.97 

AljOg 

101.94 

K-aSO^. Ala(S 04)3 
24HaO .. 

948.75 

AsgOg .. 

197.82 

MgjAs 207 

310.46 

B 2 O 3 

69.64 

NaaB^O,. lOHaO . ; 

381.43 

Ba ■ 

137.36 

BaCla. 2 HaO 

244.36 

BaS 04 

233.42 

Br : ; : v-: 'V.;i 

79.92 

NaBr : ,, * .:■ 

102.91 

dOa ‘ . ■ . 

44.0 

GO 3 ' 

60.01 

C, 04 ' 

88.02 

CaCaO* 

128.18 

Haa 204 . 2 HaO 

126.07 

da: 4 .. 

40.2 

':daG,/v ::. 

56.03 

GaCOs 

100.09 

dadaOi 

128.1 


136.14 


Radicals 

Mol. weight 

Gl 

.. 35.46 

CiOa' 

.. 83.46 

C 1 O 4 ' : - 

. . ;99.46 

CN' 

. . 26.02 

dr 

; 52.01 

KadraO^ 

.. 294.21 

dTaOj 

.. 152.02 

PbCr 04 

. . 323.2 

Gu ■ 

. . 63.57 

GuO 

. . 79.57 

GuaO 

. . 143.14 

GUSO 4 . 5HaO 

. . 249.71 

GUSO 4 

. . 159.68 

GaFa 

. . 78.08 

Fe 

.. 55.84 

FeaO, 

..159.68 

FeSOi. 7 H 2 O 

.. 278.01 

FCSO 4 . (NHAa-^ 
SO 4 . 6 HaO 

.. 392.13 

FeO 

.. 71.84 

H 

. . 1.008 

HaO 

. . 18.016 

HaOa 

. . 34.016 

HGl 

. . 36.46 

;hno3 

. . 63.02 

RaS;;;:;; 



. . 98.08 


.. 126.92 
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Radicals Mol. 

weight 

Radicals 

Moi. weight 

K 

39.1 

Na 2 ;S 203 


158.1 

KCl 

74.55 

NaaSaOa. SHgO 


248.2 

KCIO, 

138.55 

Ni 


58.69 

KjSOi 

174.25 

NiQ 


74.69 


48G.17 

P 


' 31.02 

KjGrgC), 

294.21 



142.04 

KGN 

(15.11 

KHaPOi 

r.* 

136.13 

KI 

166.02 

Mg-PaO, 


222.61 

KIO, 

214.02 

(NHi) 3 P 04 . I 2 M 0 O 3 ... 

1877.1 

KMuO* 

1,58.03 

Pb 

... 

207.2 

Mg 

24.32 

PbOa 


239.2 

MgO 

40.32 

PbCrO, 


323.2 

MgaPaO, 

222.68 

PbSOt 


303.27 

MnOa 

86.93 

S 

■ ... 

32.06 

KMnO* 

1,58.03 

SO 2 


64.06 

N 

14.008 

SO 3 


80.06 

NHs 

17.03 

SO 4 


96.06 

Nl'l^ ■ * . 

18.04 

S.O 3 


112 il 2 

NHiCl 

.53.50 

SiOg 


60"06 

NOa 

4fi.01 

SnOa 

■ 

150.7 

NOs 

02.01 

SrSOi 


183.69 

Na 

23.0!,» 

Zn 


65.38 

NaOH 

40.00 

ZnO 


81.38 

NajCO, 

106.00 

ZnSO* 


161.44 

NaHCOa 

84,iXJ 

ZnSO*. 7HaO 


287.55 

NaCi 

58.45 

ZnjPaO, 


304.80 

NaNOa 

fiO’OO 




SOLUBILITY TABUS 



Numbers reier to gram.s of salt dissolved in 

iOO ml. 

in cold 


water. Abbreviations : a soluble in acids, d decomposed by water ; 
i msolublc in. water, s soluble in water, s. s. very soluble in water, 
d, s. slightly soluble in, water, e. j/. very slightly soluble in water. 
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0.01 
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0.0067 
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Solubility Products 
Salts 

Silver bromide 
Silver cyanide 
Silver chloride 
Silver chromate 
Silver iodide 
Silver hydroxide , 

Silver sulphide 
Aluminium hydroxide 
Barium carbonate 
Barium chromate 
Barium sulphate 
Calcium carbonate 
Calcium fluoride 
Calcium oxalate 
Calcium sulphate 
Cobalt sulphate 
Cupric sulphide 
Cuprous sulphide 
Ferrous hydroxide 
Ferrous sulphide 
Ferric hydroxide 
Mercurous chloride 

Mercuric sulphide 
Magnesium carbonate 
Magnesium hydroxide 
Manganese hydroxide 
Manganese sulphide 
Nickel sulphide 

II 

Lead chromate.'' 

Lead sulphate 
Lead sulphide 
Strontium carbonate 
Strontium sulphate 
Zinc hydroxide 
Zinc sulphide 


[Agprs] 


[Ca][Fj^ 


of some Important Substances 

Soluoility Product Remarks 

3.5x10-1® 

2.2x10-1® [Ag][Ag(GNy 
1.56x10-1“ 

2.6x10-1® [Ag]®[CrOi] 
1.7x10-11 
: 2.2x10-8 
1.6x10-1® 

3.7x10-1® 

8.1x10-® 

2.3x10-1“ 

1.2x10-1“ 

0.9x10-8 

3.2 X 10-11 
2.6x10-® 

6.1x10-® 

3.0x10-®“ 

8.5x1 0-4® 

2.6xl0-« 

1.6x10-14 
1.5 xlG-i® 

1.1 X 10-8“ 

2.0x10-18 
4.0x10-88 
2.6x10-5 
I.2XIC-11 
: :4^IG-i4 
7.0x10-19 
3.0x10-®! 

1.0x10-®“ 

1.8x10-1* 

1.0x10-8 
4.2xl0-®8 
1.6x10-9 
2,8x10-1 

1.8x19-14 [Zn][OH]® 
1.2xl0-®8 


tCufES] 

[FeJtOH]® 

[Fe]tOH]® 

IHg-JCCl]® 


[Mg][OH]® 

[Mn][OH]® 
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Adds 

Arsenious acid 

Boric acid 
Carbonic acid 

Phosphoric acid 

Acetic acid 
Oxalic acid 


ANALYTIC3AL CHEMISTRY 

Dissociatioa Constants 


I 

II 

I 

II 

III 

I 

II 

I 


e.&xio-w 
3.0x10-’ 
ti.Ox 10-11 
I.rK:0-2 
2.0x10-' 

3.6xI0-« 
l.8>: 10-5 
3.8x10-® 
7.0x10-5 
9.0 X ■ 0-5 


Bases 

Ammonia 

1.9x10-5 


Hydrogen sulphide 

Ionisation Constants of Complex iotcs 
[As(.NH.)Tj-« 8^ >» (Hgcfl 10-= 

rAg j][SsOa" l_ ^ i/v.»[ Hg^='1fCl-1 ‘ 


[AgSaOg-] 

[Agt][CM-1® 

[Ag(GN),-] 


[Gu+irCN-P 

C5^N)?^=5-0x10- 


[HgClrj 

L0xl0-®tg^ji^^^ 

IHgir] 


= 3-0xl0“b 


= 5-0xI0-“t 


FACTORS 


Sought 

Ag 

Cl 

Ba 

SO, 

S ' • 

Cu 

Fe'' 

Pb 
Zh'; - 
Cr 
Ga 
A1 


Weighed as X Factor F 

AgCl 

0-7526 

AgGl 

0-2474 

BaSO, 

0-5885 

BaSO, 

0-4115 

BaSO, 

0-1373 

CuO 

0-7989 

Fe ,03 

0-6994 

PbSO, 

0-6833 

;,ZnO . ' - ^ 

0-8034 

GrgOs 

0-6841 

GaO 

0-7147 

AI 2 O 3 

0-5291 


0-2184 


Log F 

1.8766 

1-3934 

T-7697 

1-6144 

1-1378 

1-9025 

1-8447 

1-8346 

1-9049 

1-8352 

1.8541 

1-7236 

1-3393 


SOLUBILITY PRODUCTS 
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GRAM EQUIVALENT 


For Momal Solutions 


Acidimctry : 
NaaCOa 

NaOH 
Oxalic acid 


HaSO^ 
NaHGOa 
Ba(0H)a-8H20 
Oxidation : 

E-oCrgOrt 


FeS 04 -(NH,)aS 04 - 6 Ha 0 

HaGa04-2Ha0 

KMn04 

HgGIg to HgCl 

Fe (ous ioa) 

Iodine 

Hypo, NaaSaOg-SHaO 

ASjOa 

GuS04-5H„0 

Precipitation 

KOI 

AgXOa 

NaCI 

KGNS 


. 53-06 g. 
. 40-00 g. 
. 63-04 g. 
. 36-46 g. 
. 49-04 g. 
. 84-00 g. 
. 157-75 g. 

49-03 g. 
30-67 g. 
392-13 g. 
63-04 g. 

. 31-606 g. 
271-52 g. 
55-84 g. 
126-92 g. 

248- 19 g. 
49-45 g. 

249- 71 g. 

75-55 g. 
169-89 g. 
58-45 g. 


97-17 g. 



ANALYTICAL CHEMISTRY 


LOGARITHMS 


2765 

20S9 


5228 5340 
5453 5465 


4330 

4340 

4362 

4487 

4502 

4518 

46;{0 

4654 

460U 

4786 

4800 

4814 

45?S 

: 4042 

4055 

5065 

, 5070 

5002 


(X)43 0086 

0128 1 

0453 0492 

0531 

0828 0804 

OS09' 

1173 1206 

1231): 

1492 1523 

1653 

,1790 1818 

1847 

2068 2005 

2122 


6031 

6042 

. 

0053 

G138 

T,149 

01 GO 

0243 

0253 

0203 

6345 

6355 

0305 

6444 

0454 

6464 

6542 

6551 

6561: 

6037 

6646 

6656 

6730 

6739 

6749 

6821 

6830 

6830 

COIL 

0920 

6928: 

6998 

7007 

70X61 

I 

7084 

7093 

7101 

7168 

7177 

7185 

7251 

7259 

7267 i 

73321 

7340 

73481 

















LOGARITHMS 


Mean Differences 


1 

2 


1 

2 


1 

2 


1 

2 


1 

2 


1 

2 


1 

2 


% 

2 


%- 

2 


% 

2 


% 

2 


t 

2 


t 

2 





















■:AHAtYTlGAL CHEMISTRY' 


A'HTILOGARITHMS 


M,eaa Blffereneei 


t<m 1026 1028 

1047 1050 1052 
1072 K74 1076, 
1098 1099 n02i 
1122 1125 U27! 


•3f 2042; 









TABLE 
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A NT! LOGARITHMS 


Meao Difteresces 


3281 i 
3357 
3436 
3516; 
8597 


,8200 

18453 

18650 


3221 

3296 

3373 

3451 

3532 

3614 

3223 

3304 

3381 

3469 

3540 

3622 

3698 

3784 

8873 

8963 

1 

4055 

4150 

4246 

4345 

4446 

4084 

4169 

4256 

4855 

4457 



4764 

4776 

4875 

4989 

5105 


6224 

6346 

6470 

6598 

6728 

6236 

5358 

5483, 

6610 

6741 

6861 

6903 

6138 

6281 

6427 

6876 

6012 

6152 

6295 

6442 

6577 

6730 

6887 

6592 

6745 

6902 

7047 

7211 

7379 

7551 

70S3 

72i;S 

7396 

7568 


9 

8472 

8670 

8872 

8492 

8690 

8892 


*67 

4677 

•68 

4786 

■69 

4898 

•?o 

5012 

•7! 

5129 


6 

6 

6 

6 

5 

G 




























INDEX 


Acetaldehyde ■ 242 j 253, .244.5 ■ 
257: prep of 261 
Acetamide 244^ 2575 prep, of 
262 

Acetanilide 244,' 257 ' . 
prep, .of 267 „ : 

Acetate'-TB,. 'lOi:.:' 

■Acetic acid "'2405 '254 . 

•' Acetone '24'55.' 253 prep, of 262 
Acetophenone ',25 3 ' 

Acidradicals 65-79, lOO-lOS, 
147-151 

Acids and bases 9 
Acidimetry 179 
Adsorption indicator 178 222 
Adsorption isotherm 301 
Alumina no 

Aluminium 45, 94, 98, 126, 135, 
140 estim. of 162 
Aluminon 117 
Ammonia, estim. of 185 
Ammonium 64, 99, 132, equili- 
brium 46-48 
Ammoniiun chloride 46 
Aniline 246, 256, prep, of 266 
salts 236 

Antimony 32, 93, 123, 135, 140 
oxide 108, 109 

Arsenic 29, 93, 140, group 38, 
91, 138, 140 

Arsenious oxide titr. 206 
Arsen ious sulpiiide 300 
Azobenzene, prep, of 269 
Barium 60, 99, 129, 137 
estim. of 159 
Barium sulphate 1 09 
Bea . test 86 
Benzaldehyde 246, 253 
Benzamide 244, 257 
Benzene 246, 252 
Surface tension of 285 
Bezidine 117 

Benzoate, sec Benzoic acid. 


Benzoic acid 241, 255 
d!-Benzoin-oxime 117 
Benzyl alcohol 253 
Bicarbonate 72 
Bismuth 23, 92, 121, 135 
Biuret 245 

Bleaching powder, estim. of 215 
Boiling-point, determ, of 2 32 
Boiling point elevation 282 
Borate 78 
Borax bead 86 
Bro mate estim. of 217 
Bromide 65, 67 102,105,107, 
249 

Bromine estim. of 2 1 6 
Bromobenzene 258 
Butyl alcohol 252. 

Gacothlin 1 17 
Cadmium 27, 92, 123 
Calcium 61, 99^ 130, 136 137 
estim. of 163 

Calcium chlodde 4; group 238 
Calcium fluoride 68, 108 
Galey’s ffltlr 117 
Calibration of burette 275; of 
flask 276; of pipette 274 

Cane sugar 243, 256 
rate of inversion of 29 7 
Carbamide see urea 
Carbolic acid 260 
see also phenol. 

Carbon, detection of 230 
Carbonate 71, 100 and oxalate 
104 

Carbon tetrachloride 258 
Caustic soda group 274; estim. 
of 183; stand, of 181. 

Centrifuge tubes 114, 112 
Charcoal test 87 
Chloral hydrate 242j 258 
Chlorate 69, 101, 158; estim, 
of 217 
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INDEX 


Chloride 65, 102, 105, lOOestim. 
of 159; bromide and iodide 105 
Chlorine, estim. of 215 
Chlorobenzene 258. 

Chloroform 242, 258 prep, of 
264 - 
Chrome alum, prep, of 305 
Chromate 43, 4i- 
Chromic chloride (violet) 44, 
no oxide 110, .sulphate no 

Chromium 94, 98, 127, 135, 140 
estim. of 165, 202 
Cinchonine-KI 117 
Citric acid 238, 239, 254 
Coagulation 300 
Cobalt 55, 97, 127, 135, 142 
Colloids 299 

Colorimeter, Duboscq 294 
Copper 25-29, 91, 122, 135, 138 
364; estim. of 156, sulphate 
titration 211 

Goprecipitation 16 
Gresol 0-,p-, 254 
Crystallisation 234 
Gupron 122 

Cuprous Chloride, prep, of 

Gupferron 117 estim. of iron 
156, 

Cyanide 69, 106 and chloride 

106 

Derivatives, prep, of 251 
Devarda’s alloy 187 
I^|zobenzene, chloride, prep. 

Dibromobenzene, 259 
Dichlorobenzene 258 
Elichromate test, 43, titration 
196-201,209 

Dihydroxy naphthalene 117 
Dunethylamino-benzylideue- 

rhodanine, 117 
Dimetliyl aniline 256 
Bimethyglyoxime 118 
, Dimtrobenzene 258, pvep. 266 
Diintrodiphenyl carbazide 1 1 8 
Diphenylcarbazidc il8 


Diphenyl carbazorie 119, tliio-, 
carbazonc 95; 119 
Dissociation constant 1 1 
Distribution coelFickiit 303 
Droppers 113 
Drying 146 
Dry test 84-88 
Duma’s method 277 
DumtarFs test 2*1*5 
Klimiiiatiou <>f oxiilntes 4o phos- 
phaces iO, 95, iiuoridcs 49, 9'5. 
iLosin, prep, of 272 
]tlqiuli!)riiini 7 

Equivalent U'cight 1 70 — 1 76. 
Ether 246, prep, of 260 
Etiiyl acetate 255 
Ethyl benzoate 255 
Ethyl alcohol 245, 252 
Ethyl bromide 258 
Ethylene chloride 258 
Ethylene glycol 252 
Ethyl iodide, prep, of 259 
Ethyl oxalate 255 
-Extraction 234 

Fehling’s solution 242; group 

Fenic chloride group 239 
Ferricyanide, 70, 150 ierrocyan-- 
idc 71, 151 
Ferron ilB 

E^erroiis ammr)niiim sulphate, 
prep of 306; titration 193i 
Ferrous sulphate, prep, of 
306 

Fil nit ion 145 
Eifth group GO-62, 98 
First group 18-22,90 
Flame test 85, for tin 87 
Fluorescein, prep, of 27! 
Fluorescein 220 test 2*1-1 
Fluoride 68 elimin. of 49, 95 
Formaldehyde 212, 253 
-E'crmate, see formic acid. 

Formic acid 239, 254 .'prep, of 
263 . ; 

Fourth group 53-60, 96-98 
pactional distiilatioa 232 
4ract»on precipitation 16 


INDEX 
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i:*'reezing pt. depression 280 
Freundlich’s: isotherm 302 
Glow test for tin 87 ■■ 

Glucose 2185 256 ■ 

Glycerine , 2453 '^ 2)3 ' 

Glycol 252: 

Gravimetric analysis 1 52- 170, , 
.Gram-equivalent ,we igh t 470. 
Group:'analysis'"'I7, 133' . , . 
Grroup test, organic 249-250 
Gutzeit test 32 

Haematite analysis of 168-170 
Halides 64-68, 105 
Halogens, detection of 231 
Heat of neutralisation 295 
Hydrogen ion concentration 14 
Hydrogen peroxide, estim. of 
217 

Hydrogen sulphide, estim. of 
214; groups 22-40, 91-93, 96 
Flydrolysis 14, 298 
Hydroquinone 254 
Hypo ; prep, of 381; titration 
208 

Ignition 153 

Indicators 175; adsorption 178; 
external 197 hydrogen ion 176; 
internal 197; oxidation-reduc- 
tion 179, precipitation 178: 
Insoluble substances 108-1 1 1, 

1 44- 147 

Interfering acids 48-49, 95, 124 
Inversion 297; rate of 297 
lodate, estim. of 2 1 7 
Iodide 66, 67, 103, 105, 107, 
108, 249 ests 222 
Iodine titrations 206-217 
Iodoform 246, 259, prep, of 265 ; 
:-t,te,$t::244'' y,,, 
lodometry 206-217 
Ionic equation 15; — ‘theory 9 
Iron 40, 94, 98, 105, 125, 135, 
140 gravr estim. of 155, 169; 
volum. estim. of 204-206 
Lassaignes’ test 247 
Lead 19, 91,92, 120, 134 estim. 
i<gl|4:^ 

Lead sulphate 19, 108, 111 

21 


Magneson 118, 130. 

Magnesium 62, 99, 130, 135, 
142, estim. of 166 
Manganese 54, 94, 97, 98, 129, 
135, 142 

Mass action, law of 17 
Melting point, determ, of 231 
Mercuric 22, 92, 121 sulphide 
110 

Mercurous 20, 91, 134 
Metadinitrobenzene, prep, of 
266 

Methyl alcohol 245, 252 
Methyl ethyl ketone 253 
Methyl orange prep, of 270 
Methyl oxalate 255 
Methyl salicylate 255 
Microfusion Il7 
Mohr’s method (silver halide 
titration) 218 

Molecular weight determina- 
tion 276, Duma’s method 277. 
Victor Meyer’s 278 freezing 
point 28 Ij boiling point 282 
Naphthalene 246, 252 
^z-Naphthol 254-, test 246 
je-Naphthol 254 
Tz-Naphthylamine 257 
Nessler’s solution 6 
Neutral solution prep, of 235 
Neutralisation, heat of 295 
Nickel 57, 97, 128, 142; estim, 
of 167; and cobalt 59, 143 
Nitrate 77, 101, 107, 151 ; estim. 
of 1 87, and bromide 101, and 
iodide 108 

Nitrite 76, 100, 107, 151 and 
nitrate est, 187 
Nitrogen detection of 230, 247 
Nitrobenzene 246, 257; prep, of 
265 

Nitrobenzene azo-resorcinol 48, 
Nitrophenol, o — 257, p — 258 
Nitroprusside test 231, 248 
-Nitroso-j3-naphthol 1 1 8 
Nitrotoluene, o-m-257 
Orange IV 119 
Osazone test 251 
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INDEX^ 


OxExlate 72 j 238^ 263; elimm, of 

;; '48,:; 95 percentage 
'.Oxa!ic':acid^^ .'estim,- of 190, 
..Oxidation-reduction' ' reaction 
:';d72;.4l88-1.90; 

:0'Xiiie.'dl9. 

;:J:4irafomaldeIiyd€ 2..8& 

Partition co-cfficient 302-304 
Permanganate titrations 190. 

Phenanthroline 119 
Phenol 2 ID, 253; prep, of 269 
Phenolphthalein 177 
Phenyl benzoate; 256 
Phenyl , oxalate 255 •. ■ 

Phosphate 256, elimin, of 49, 95 
Phthalic acid 241 j 255 
Picroionic acid 119 
Polarimeter 290 
Potash alum, prep, of 306 
Potassium 63, 99, 131, 143 
Potassium cyanide test 28, 56, 

Potassium thiocyanate titration 
220-22L 

Precipitation titrations 218-222 
Propyl alcohol 252 > 

Pyrolusitc estim. of 202-204 
Pyrogaliol 119,240, 254 
Quinaidiiiic acid 119 
Quinalizarin 119 
Reactions, ionic 15; types of 7 
Reagents 3, for spot tests 117, 
119 

Redox potential 179 
Refractive mdex 287-290 
Refractometer, Abbe’s 288 
Residue 236 
Resorcinol 240, 254 
Rhodhamine B iI9 
Rubeanic acid 119 
Salicyladoxime 119 
Salicylic acid 240, 255 
Sulphosalicylic acid 119 
Schiff ’s reagent 6, 242 
Second group 22-40 
Semimicro-analysis 112-151 
Silicate 79 ^ 


Silver 18, 91, 121, 134; bro- 
mide 110, chloride 100, 158 
coin 167, estimation of 158, 
f; elide 110, Hi 
Sixth group 62 
briicll 237 

Sodium 03, 99, 132, 143 carbo- 
nate titra. itiO, 1B3, 184tIiiosul- 
pliate titra., prep, of 305; see 
hypo. 

Soiubilty product 12 
Solution, prep, of 88-90 
Specific rotation 293 
Spot paper 1 16 
Spot plate 1 15 
Spot tests 115-117 
Standard solution 171 
Stannous 124 

Stannic oxide 36, 108, 109 
Starch 243, 256 as indicator 87, 
178, 22L 

Steam distillation 233 
Strontium 61, 99, 129, 137 
sulphate 108, 109 
Sublimation 1 
Succinate see succinic acid. 
Succmicacid 239, 255 
Salphaoilic acid, prep, of 267 
Sulphate 74, 103, 106, 107, 149 
estim. of 160, insoluble 109. 
Sulphides 73, 100, 106, 107, 149 
solubility product of 40 test of 
in presence of sulphite etc., 76 
Sulphide precipitiou 39 
Sulphite 73, 100, 103, 106, 107, 
149 

Sulphur detection of 231, 249 
Sulphuric acid, solutions of 180 
Sulphurous acid; cstSiu, of 214 
Siffface tension 286 
Tetra.base 119, 120 
Tctrametliyl diamino-diphenyl- 
■ methane 119 
Tartaric acid 238, 255 
Tartrate, see tartaric acid. 

Taste 238 ■ ' 3U 

Thiocyanate 151 
Thiocinamine 119 


» 
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Thiosulphate 74, 1C6, 150 

Thiourea 119 

Third group 40-52, 93-96 

Tin 35, 87, 93, 140, estim. of 213 

Titan yellow 119 

Toluene 252 

Toluidine 256 

Urea 245, 257 


Velocity of reaction 297 
Victor Meyer's method 323. 
Viscosity 284-285 
Volhard titration 220 
Volumetric analysis 1 70-222 
Weighing, precautions in 147 
Zinc .52, 97, 98, 129, 142, estim. 
01 161 



